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© group of bacteria can claim more varied and more numerous types of 
proved and possible pathogenic activity than the streptococci. Although 
these microorganisms are readily recognized and usually easily isolated their 
mode of infection is often so unsuspected and their manifestations so protean 
that only in the recent years have their possibilities of harmful action been 
realized. An attempt is made in this review to collect and correlate the ex- 
tensive literature, the bulk of it American in origin, on this subject that has 
appeared in recent years. The incentive to this collection has been the occur- 
rence of the severe epidemic form of streptococcus bronchopneumonia and 
empyema which has occurred in army cantonments during the past few months. 
Streptococci occur in water, dust, and milk, but their presence there is per- 
haps more accidental than has usually been assumed (Broadhurst). At all 
events our interest is greater in the fact that these organisms are present reg- 
ularly in the alimentary canal of man and the domestic animals and that they 
are associated directly or indirectly in numerous human and animal diseases. 
Any consideration of the streptococci, whether from the point of view of 
their habitat, or of the epidemiology, pathogenesis and specific therapy of dis- 
ease at once involves discussion of the unity or multiplicity of the existent spe- 
cies. The successive discoveries of streptococci in apparently causative relation 
to such diverse disease processes as erysipelas, puerperal fever, endocarditis, 
rheumatic fever, general septicemia and septic sore throat would suggest at least 
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that there are many allied though similar specific strains. Recent work on ex- 
perimental streptococcus infection would indicate a delicately adjusted selective 
affinity on the part of individual strains of the organism, in consonance with 
what is observed under natural disease conditions. It seems at least logically 
possible that two strains of a given microorganism which are identical by all 
morphological and cultural criteria currently employed may differ sharply in re- 
spect to the diseases they produce. We know certainly that two such strains do 
differ quantitatively in virulence. 

It is, however, of first importance in attempting to separate streptococci in- 
to groups to detect constant and reliable morphologic or physiologic differences 
between them and it may at once be admitted that earlier attempts of this sort 
were unsatisfactory. The size or appearance of the individual cocci, their ar- 
rangement in pairs rather than chains, the length of the chains themselves, and 
the growth in ordinary media, have all been realized to represent variations which 
may lie within the life history of any pure strain that is naturally or artificially 
submitted to differences in environment. We shall direct our attention solely 
to the more recent methods of classification which have been shown to be of 


more constant and significant value. 


CLASSIFICATION OF THE STREPTOCOCCI ON THE BASIS OF PRODUCTION OF A HEMO- 
TOXIN (IIEMOLYSIN ) 


The most significant property possessed by certain of the streptococci is 
that of dissolving red blood cells. The fact that this property is confined to 
certain types of streptococci and not possessed by others serves not only as a 
method of classification among streptococci but also, at least to some extent, 
bears a definite relation to the pathogenic properties of the hemolytic strains. 
Marmorek'? (1895), who was the first to work systematically with the problem 
of streptococcus immunization, believed firmly in the unity of the streptococcus, 
basing his opinion largely on the uniform properties which his cultures showed. 
These properties were first of all the ability of all his human pathogenic strains 
to produce lysis of red blood cells as evidenced by the hemorrhagic exudate in 
the bodies of infected rabbits. Secondly, he utilized as a criterion of unity the 
inability of any strain of streptococcus to grow in the filtered culture fluid in 
which any other streptococcus had grown and lastly he found that an antiserum 
against a given strain of streptococcus neutralized the infectivity not only of 
that particular strain but of all the other strains of streptococcus with which he 
was working. This property of producing lysis of red blood cells in the animal 
hody possessed by human pathogenic strains of streptococcus was further noted 
by Bordet in 1897 and in 1901 Besredka found that the filtrates of streptococcus 
cultures likewise had the property of dissolving red blood cells in the test tube. 
It was not, however, until 1903 that Schottmiiller suggested that this hemolytic 
property be used as a means of classifying the streptococci. 

By smearing human pathogenic strains of streptococcus on 40 per cent blood 
agar plates, Schottmiiller found that these organisms readily fall into three defi- 
nite groups in accordance with their effect on the blood medium, the character- 


istics of each of which are briefly as follows: 
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1. Number of human strains, particularly those derived from acute and 
severe generalized infections such as erysipelas, puerperal infection, scarlet fe- 
ver and empyema are differentiated in their growth by producing a clear zone, 
2 to 3mm. in diameter, surrounding each individual colony from which the 
red blood cells disappear. This hemolytic zone varies slightly in degree with 
individual strains of the organism but unmistakably and clearly separates them 
from streptococci belonging to the other two groups. This first type of hemo- 
ivtic streptococcus Schottmiiller designated as Sireptococcus longus or erysi- 
pelatis. It is since currently referred to as Streptococcus hemolyticus. 

2. The second type of streptococcus is characterized by the reduction of 
hemoglobin in the red blood cells surrounding the colony, with the formation of 
a greenish coloration from which the name of Streptococcus viridans or mitior 
was chosen for this group of organisms. ‘The Streptococcus viridans occurs 
characteristically in subacute human infections as in abscesses, endocarditis and 
meningitis. ‘The designation of “mitis” or “mitior” indicates the relatively slight 
virulence of this organism both for man and experimental animals as compared 
with S. hemolyticus. 

3. The third class of streptococcus of human pathogenic significance is in- 
different in its action on red blood cells; is characterized by a slimy mucoid 
growth, is capsulated and was designated Streptococcus mucosus. This organism 
occurs particularly in certain severe cases of lobar pneumonia and generalized 
infections. Although this organism was originally described as a streptococcus 
by Howard and Perkins, more recent studies (Longcope and Hanes) have shown 
that it should with few exceptions (Dochez and Gillespie) undoubtedly be classi- 
fied among the pneumococci on the basis of bile solubility, inulin fermenting 
properties and immunity reactions. It forms the Type III pneumococcus of ' 
present classification. 

Rosenow in 1904 independently drew attention to the blood plate method as 
a means of separating the pneumococcus from the streptococcus since the former 
produces an effect identical with the Streptococcus viridans in blood and the 
particular strains of the streptococcus with which Rosenow worked were all 
sharply hemolytic. In 1906 Ruediger found the strains of streptococcus which 
he isolated from scarlet fever cases all produced definite hemolysis and noted 
moreover that such strains were more virulent for rabbits than the viridans cul- 
tures. Since these preliminary observations increasing significance has been 
given to the absence or presence of hemolysis in blood cultures of streptococcus 
as a means of classification. In conjunction with the sugar fermentation tests 
to be later considered it is found that hemolysin production forms the first step 
in a satisfactory basis of classification of the known types of streptococcus which 


have been encountered. It seems fairly certain that the property of hemolysin 
production is constant in any given strain as shown by the work of Anthony and 
more particularly by that of McLeod. ‘The ultimate classification of streptococci, 
particularly of human pathogenic strains, is immediately simplified and rendered 
intelligible by a primary classification on the basis of hemolysis as has been 
shown by the work of Thro, and more recently by Holman and by Blake. Cer- 
tain modifications in the original blood plate method used by Schottmiiller have 
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been suggested. Lyall,’* for example, tests hemolysin production by adding a 
suspension of defibrinated sheep corpuscles to broth cultures. Smith and Brown 
and Smillie prefer to use poured blood plates using deep colonies for the de- 
tection of the true hemolytic strains (their Beta type of streptococcus). The 
majority of observers, however, prefer the superficial streak method proposed by 
Schottmiller as giving a more uniform, rapid and characteristic result. Prac- 
tically the only recent workers with streptococcus who have failed to obtain 
fully successful results with the blood plate method are Hopkins and Lang. 
These authors found that all stages of variation exist between true hemolytic 
strains and the viridans strains but as Blake has pointed out it is probable that 
their results are to be explained by the fact that their observations extended over 
several days’ growth of the cultures instead of being made at the end of 24 
hours as is the usual method, and that their medium was not uniform in com- 
position. 

Various bloods have been used in detecting hemolytic streptococci. Those 
most frequently employed are human, horse and rabbit. Becker who has made 
comparative studies with blood from several species gives reasons for regarding 
human blood as superior to others. In this connection it should be noted that 
reton has found that the order of increasing susceptibility of different bloods 
to destruction runs as follows, rabbit, man, horse, guinea pig, goat and ass. Con- 
siderably smaller percentages of blood than that proposed by Schottmiiller rang- 
ing from 5 to 20 per cent have been found most satisfactory. It should be noted 
at this point that the presence of a fermentable sugar (e. g. dextrose) in blood 
agar prevents hemolysis (Ruediger,? Lyall? and Davis). Hemolytic strains 
grown under these conditions resemble methemoglobin or viridans strains, and 
the green pigment in the latter is increased in the presence of sugar (Aschner). 
Ruediger* was apparently incorrect, however, in assuming that methemoglobin 
production by the viridans strains is due to acid production for Blake* has shown 
that it takes place in presence of a buffer mixture of primary and secondary po- 
tassium phosphates, where neutrality is maintained. ‘The latter writer has also 
demonstrated that the action of viridans takes place only in presence of oxygen 
and consists in the reduction of oxyhemoglobin to methemoglobin. 

Some work has been done with the nature of the hemolytic substance pro- 
duced by streptococci by Ruediger,** by Besredka, by Breton and by Lyall. The 
hemolysin is best formed in cultures when serum is added to the medium. The 
hemotoxin is destroyed by heating to 56° for 30 minutes (Lyall). According to 
Lyall the hemolysin seems definitely associated with the bacterial bodies rather 
than in solution. Opinion would differ as to the antigenic properties of this toxic 
substance. Breton and Tchitchkine claim to have produced an antistreptolysin 
in rabbits whereas Ruediger and Besredka both failed. It would appear from 
McLeod’s work that hemolysin production in the body of susceptible animals is 
distinctly greater than is produced in the test tube. 

No little interest and importance attaches to the relation of hemolysin pro- 
duction to the pathogenicity of streptococcus strains. Whereas it is certain that 
the majority of the most characteristic pathogenic human strains are hemolytic 
it would seem the opinion of many observers from Schottmiiller on that there is 
no direct quantitative relation between the grade of hemolysin production and 
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the pathogenicity of any given organism, e.g. floyd and Wolbach, Lyall.*. Mar- 
morek'* who was first to observe hemolysin production regarded it as very deti- 
nitely associated with virulence not only qualitatively but quantitatively. Lin- 
gelsheim holds the same opinion. ‘The entire question has recently been re- 
viewed by Mcleod whose consideration of the problem would seem at once more 
direct and convincing than that of previous observers. McLeod in reviewing 
the literature on the subject finds that 16 authors have expressed disbelief in any 
direct relation between hemolysin production and virulence; 6 authors have ex- 
pressed a neutral attitude whereas 9 believe there is a definite relation between 
the two properties in streptococcus and in 7 additional publications there is in- 
direct evidence which would seem to confirm the latter point of view. McLeod 
brings out the important experimental point which would seem to have been 
overlooked by most observers which is that any observation which proves or dis- 
proves the relation of hemolysis to pathogenicity must be based on hemolysis 
demonstrated primarily in vivo in the particular animal concerned in the viru- 
lence test. ‘(he author concludes from his own observations that the degree of 
hemolysin production in the animal body is closely related to virulence. As a 
basis for estimating virulence for man of human strains of streptococcus he pro- 
posed determination of the grade of hemolysis produced on human red blood 
cells in suspension. 

The majority of authors who have used the blood plate method as a means 
of primary differentiation between strains of streptococci have proceeded further 
to classify these strains both on the hemolytic and nonhemolytic side by the em- 
ployment of carbohydrate tests originally introduced by Gordon.*?*  Schottmiil- 
ler regarded all hemolytic strains as belonging to a single group and such is 
the opinion of Blake who has offered the most recent classification. Holman, 
however, whose classification is certainly more comprehensive, divides the hemo- 
lytic strains of streptococci on the basis of fermentation tests into eight groups. 
There can be no question that such groups exist and may be regarded as fairly 
constant. It is true, however, as Blake has pointed out that at least four of these 
hemolytic groups of Holman are qualitatively of minor importance, containing 
as they do a very small number of representative strains and showing no par- 
ticular relation in any instance to a specific disease process. As further evidence 
of the unity of various hemolytic strains in spite of certain differences in their 
fermentation of carbohydrates may be mentioned the fact that they would seem 
to agree in such immunity tests as alexin fixation (Howell, Kinsella) in agglu- 
tination tests and also in cross anaphylactic tests in the experiments of Davis.? 

The effect of streptococci on blood may serve as a further means of classi- 
fication apart from the simple separation of hemolytic and nonhemolytic strains. 
Under the nonhemolytic strains it is found that certain organisms reduce oxy- 
hemoglobin to methemoglobin producing green coloration of the viridans cul- 
tures to which reference has been made. These green pigmented strains of strep- 
tococci on blood may be separated from those that produce no effect on the me- 
dium. Holman classifies both the methemoglobin and the indifferent strains to- 
gether, although he divides the hemolytic strains into eight varieties. On the 
other hand Lyall would make two separate groups in accordance with these pe- 
culiarities. 
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CLASSIFICATION OF STREPTOCOCCI ON THE BASIS OF FERMENTATION OF THE SUGARS 


Differential sugar media were first used in classifying streptococci by Gor- 
don*** (1903-1905) who used seven different substances for this purpose; lac- 
tose, saccharose, raffinose, inulin, salicin, coniferin and mannite. He tested 300 
strains of streptococci and obtained many types. This work was extended by 
Andrews and Horder (1906) who correlated the studies of Gordon and of Hous- 
ton ** and on the basis of the study of 1200 strains classified streptococci into 6 
more or less definite groups all of which are represented in the more modern 
classification, for example, in that of Holman. Since the pioneer studies of Gor- 
don and of Andrews and Horder numerous attempts have been made to classify 
streptococci on the basis of carbohydrate fermentation alone. ‘These attempts 
have included varying numbers of strains from different sources and the results 
so far as simplification or correct understanding of the actual varieties of strepto- 
cocei are concerned, are confusing. This confusion is due first of all to the fail- 
ure of the majority of workers to introduce a primary separation by the blood 
plate method and secondly to individual variations in technic. The original 
types identified by Andrews and Horder have for the most part been recognized 
but their significance and relative importance in the hands of each observer have 
varied markedly. ‘The importance of classification from the standpoint of human 
pathogenesis should rest primarily on the relation of particular strains to some 
human disease process and it must be admitted that such identification is not at 
the present time possible. We recognize, however, that the hemolytic types are 
particularly concerned with the more severe and acute disease processes. There 
may also be some relation between fermentation reactions alone and such a proc- 
ess but they are certainly not so definite. Among those investigators who have 
relied entirely on fermentation tests in classifying streptococci may be men- 
tioned Buerger, \VWinslow and Palmer, Bergey, Fuller and Armstrong, Stowell, 
Hilliard and Schleisinger, Hopkins and Lang and Broadhurst.’ 

Before proceeding to the more simplified and satisfactory classification which 
makes use of the blood plate method followed by carbohydrate differentiation, 
note should be made as to the more important criteria by which carbohydrate fer- 
mentation has been studied with an effort to point out the most recent and satis- 
factory methods in vogue. In the first place it was evident from much of the 
early work that failure to demonstrate carbohydrate fermentation depended in 
no small part on the unsuitableness of the culture medium employed in demon- 
strating the results. Buerger attempted to improve this deficiency by adding as- 
citic fluid to the carbohydrate broth solution a method which was later employed 
by Thro* who noted, however, the possibility of introducing an easily ferment- 
able sugar such as dextrose in this fluid. Broadhurst* obtained better results 
by using a meat infusion broth than when meat extract broth was employed. 
Holman? has suggested a very satisfactory medium containing dilute bovine se- 
rum added to the carbohydrate dissolved in meat extract broth. It is obvious 
that no authentic results can be obtained unless the organism is given favorable 


conditions for growth. 
The method employed in determining acid production again has varied in 
the hands of different observers. Litmus has been employed by several, notably 
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by Bergey and Hopkins and Lang. An attempt at greater accuracy in the demon- 
stration of finer differences in the amount of acid produced by titration of the 
culture fluid with phenolphthalein as an indicator has been employed by Wins- 
low and Palmer, Fuller and Armstrong, Broadhurst, Smith and Brown and 
Blake. It is doubtful, however, if the variations noted give information of im- 
portance. Some of the more recent observers, notably Holman* and Henrici have 
employed Anrade’s indicator instead of the original litmus to indicate acid pro- 
duction. 

Carbohydrate fermentation in the majority of instances is demonstrated in 
a l per cent solution of the sugar in question added to a sugar free broth but al- 
most always in fluid media although some observers have used agar slants for 
the purpose. 

In our opinion the most satisfactory classification of streptococci is that of 
Holman which consists in a primary differentiation of hemolytic and nonhemo- 
lytic strains by tie superficial streak method on blood agar followed by classi- 
fication on three sugars; lactose, mannite and salicin. All sugar tests are made 
in a meat extract sugar broth to which has been added dilute sterile bovine 
serum. Incubation from 3 to 5 days is made and the acid production is indicated 
by Anrade’s indicator, included in appropriate amount, in the original extract 
broth. Holman has studied a large number of strains isolated by himself and 
others and has correlated his findings in the general scheme of classification 
which he offers, so far as possible with those of previous investigators. As a 
result he finds that 16 types of streptococci may be recognized, 8 hemolytic and 8 
nonhemolytic. Under the nonhemolytic are included true viridans cultures as 
well as those which have no effect upon the blood medium. Lyall, as already 
mentioned, would prefer in his classification to further subdivide the nonhemo- 
lytic strains into methemoglobin and indifferent strains and such a classification 
may be utilized if desirable. A careful inspection of Holman’s groups of strepto- 
cocci shows as Dlake has pointed out that many of them may be judged to be of 
minor importance from the numbers of actual strains that have been found. 
Nor is the relation of any one of these minor groups to any particular disease 
process striking. If we omit the least important of these groups we find our- 
selves confronted with six major strains of streptococci, 2 hemolytic and 4 non- 
hemolytic, and it is interesting to note that these strains are precisely those orig- 
inally described by Andrews and Horder. They are presented in the following 
table which includes hemolysin production, their principal fermentation reac- 
tions and their origin as derived from Holman’s tables. (See Table I.) 


CLASSIFICATION OF THE STREPTOCOCCI ON THE BASIS OF IMMUNITY REACTIONS 


The various immunity reactions so frequently employed for diagnostic pur- 
poses such as agglutination, anaphylaxis and alexin fixation give the most con- 
vincing evidence of biological grouping. Separate strains of bacteria, for ex- 
ample of pneumococci, although indistinguishable by cultural methods may be al- 
located in separate groups by appropriate reactions of this sort. These results are 
available, moreover, not only for the purposes of classification but form the nec- 
essary prelude to intelligent attempts at specific therapy. The bulk of the work 
on immunologic classification of streptococci has been done in connection with 
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TABLE I 


THE MORE IMPORTANT STREPTOCOCCI IN HOLMAN’S CLASSIFICATION 


| HEMOLYSIS | LACTOSE MANNITE | SALICIN | ORIGIN 


Nose and throat, pus, blood. 


| 


S. pyogenes 
_ - Nose, throat (scarlet fever) 
blood, endocarditis, septi- 
cemia, epidemic sore 
throat. 


S. anginosus + 


Human and animal feces, 
milk, rheumatism, endo- 
carditis. 


S. fecalis 0 


S. mitis or viridans tH) + ~ + Nose and throat, human and 
animal, tonsils, pyorrhea, 
endocarditis, abscess, 

rheumatism. 


S. salivarius - Throat, pyorrhea, milk. 

‘Feces (horse and man) 
throat (?) urine, pyor- 
rhea. 


S. equinus 


the study of antistreptococcus serum. It has dealt largely with the question of 
unity or multiplicity of the streptococci in general and as associated with disease 
entities. For the most part these particular studies have not been preceded by 
any consideration of hemotoxin production or fermentative reactions. For this 
reason we shall consider at this point only immunological tests as related to the 
more purely biological grouping of streptococci and leave the more extensive 
relations of pathogenicity as related to antigenic properties to a later section. 

Swift and Thro attempted to demonstrate the relations of several strains 
of streptococci to one another by carefully testing cultures of each strain with 
a corresponding series of antisera each prepared by immunization with a single 
one of these strains. They were dealing for the most part with viridans cul- 
tures and found that agglutination and conglutination reactions did not serve 
to separate their strains from one another although specific for streptococci. 
Fixation reactions on the contrary seemed to show that most strains produced a 
separate immune body, in other words that viridans strains were largely hetero- 
geneous. Similar results with a more extensive series of cultures have since 
then been obtained by Kinsella and Swift and by Howell. Kinsella and Swift 
were able to make three general groups of the viridans strains which tend to 
overlap. Howell similarly finds also that there are less specific fixations among 
the viridans than among the hemolytic group but that strains from specific disease 
entities tend to fall together. She finds further no correlation between fixation 
reactions and fermentation. In unpublished experiments Kinsella has found that 
the hemolytic strains group together in fixation. 

Several less definite conclusions are drawn by other earlier observers of the ag- 
glutination reaction. Floyd and Wolbach in a limited series found a correlation 
between fermentative reactions and agglutination and fixation reactions. Kliger 
concluded that the agglutination test is of no value in classifying streptococci. 
Krumwiede and Valentine regarded viridans strains as heterogeneous on the basis 
of agglutination tests. Smith and Brown and others have used agglutination 
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tests successfully to demonstrate relationship between organisms isolated from 
different cases in a given epidemic of streptococcus infection. Certain of these 
observations on the agglutination reaction in less experienced hands may be 
open to suspicion of technical inaccuracy, for the streptococcus is particularly 
<lifficult to work with satisfactorily. 

Davis? has attempted to classify streptococci by the anaphylactic test by in- 
jecting a series of guinea pigs with a given strain and attempting intoxication 
of each one in the series with a separate strain 14 to 26 days later. His conclu- 
sions would seem to agree with those obtained from fixation reactions, namely, 
that there is no cross sensitization between hemolytic and viridans cultures ; 
hemolytic strains, however, interact. 

These immunity tests so far as carried out seem to agree with biochemical 
reactions and indicate that the hemolytic group of streptococci are closely allied 
and are separate from the viridans strains. Viridans strains are presumably 
more heterogeneous. The last and most conclusive type of experiment in con- 
nection with other purely biological characteristics remains to be tested. Will 
a given strain of a certain group of streptococcus when used for the production 
of an active immunity protect against itself only or against several or all strains 
of that group? Will the serum of such a protected animal transfer passive im- 
munity against the homologous strain only or against a number of strains? 
These questions again are ones which will concern us primarily in discussing 


immunization against the streptococcus. 


MUTATIONS IN STREPTOCOCCI 


Much confusion in the question of ultimate classification of the streptococci, 
as indeed in the classification of other bacteria, arises from the debated question 
of mutation. All progress in bacteriology so far as relating a given type of bac- 
terium to a certain disease has depended on what would seem a justifiable con- 
fidence in the constancy of bacterial species. Each successive refinement in 
technic enables us still further to subdivide organisms which are practically 
a single species, as in the case of the pneumococcus and the differentiation be- 
tween the paratyphoid bacilli and the typhoid bacillus, but all evidence is that 
each one of these types or varieties is relatively fixed not only in its cultural 
characteristics but also in its pathogenic properties. On the other hand it is evi- 
dent to all experienced bacteriologists that minor variations in the physiological 
properties of bacteria occur with natural or artificial changes in their environ- 
ment. Among such changes may be mentioned the increase or decrease in the 
property of fermenting sugars and a rise and fall in pathogenicity. In the case 
of streptococci the growth in short or long chains with a corresponding produc- 
tion of turbidity or sediment in broth are familiar instances. We have already 
referred to the production of hemolysin by certain streptococci and the reduction 
of oxyhemoglobin to methemoglobin by the viridans strains as being relatively 
fixed characteristics which may be utilized as a basis of classification. It is true 
that these properties may be lost under certain unfavorable conditions as for ex- 
ample in the case reported by Ruediger who by growing hemolytic streptococci 
in glucose broth for two years found that they lost the property of clearing blood 
agar. Anthony reports that only 95 per cent of the hemolytic streptococci re- 
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main true to type. Smith and Brown mention a slight reduction in hemolytic 
property in some of their strains. 

More fundamental changes in streptococci are claimed by other observers. 
For example, Buerger and Rytenberg claim to have isolated encapsulated hemo- 
lytic streptococci which by passage through white mice became transformed into 
a pneumococcus. Rosenow®* reported in 1912 that he was able to transform the 
streptococcus epidemicus, a capsulated organism, by growth on agar inio strepto- 
coccus pyogenes and by regrowth on milk to restore its original condition. In a 
later publication’ he has reported many more fundamental changes; by a series 
of passages through experimental animals he claims to have transferred 17 
strains isolated as viridans into pneumococci and 21 strains of hemolytic strepto- 
cocci into viridans and some of them further into pneumococci. Eleven strains 
of pneumococcus were likewise made to correspond to hemolytic streptococci. 
Davis* has also reported a few instances in which he was able to transform a 
typical hemolytic streptococcus into a streptococcus mucosus and also the re- 
verse. Aschner has more recently described a transfer of pneumococcus into 
viridans strains and a viridans strain into the hemolytic variety. Although no 
such fundamental mutations are claimed, Broadhurst in her environmental stud- 
ies on streptococci, found that certain rather striking differences in fermenta- 
tion reaction could be produced in microorganisms by subjecting them to “living” 
environmental factors as for example to fresh milk, saliva and intestinal extract. 
She records these changes as more varied and constant than the simple physio- 
logical changes produced by unfavorable surroundings and the presence or ab- 
sence of suitable food stuffs. 

The more profound type of mutation such as those suggested by Rosenow 
may well shake our confidence in current bacteriological methods if they prove 
to be usual. Experience, however, indicates that such changes if they do occur 
under natural conditions must be most exceptional and as Smith and Brown ex- 
pressed it they do not under natural conditions proceed rapidly enough to inter- 
fere with current bacteriological methods. Certain fundamental objections have 
been raised to the experimental production of these mutations which are briefly 
as follows: In the first place any mutation based on the injection of a given 
streptococcus into a normal animal and subsequent isolation of a different type 
of streptococcus may be due to the isolation of a streptococcus normally present in 
that animal’s body rather than the one injected. It has been shown by Hol- 
man*® that streptococci and pneumococci occur frequently in the tissues and 
even the blood of guinea pigs and their isolation from animals which have been 
inoculated with another type of organism may readily lead to overgrowth of the 
normal inhabitant and the supposition that it represents a mutation of the injected 
organism, 

In the second place we must consider whether or not we are dealing in the 
first instance with pure-line cultures as has been outlined by Cole and Wright. 
In other words we must consider whether in dealing with an apparently pure 
culture we are dealing with the multiplication of a single organism or with a 
mixture of several biotypes some of which, endowed with specific properties, in- 
crease relatively rapidly under one set of environmental conditions at the expense 
of the others. The only method of avoiding what is really an impure culture 
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would be isolation of a single cell by the Barber method or might be effected by 


several successive isolations from a single colony. 


HEMOLYTIC STREPTOCOCCL IN DISEASES INVOLVING THE THROAT AND 
RESPIRATORY TRACT 


The hemolytic streptococcus of Schottmiilller corresponds to the organism 
with the pathogenic properties originally assigned to S. erysipelatis (lehleisen), 
S. pyogenes, or S$. longus (v. Lingelsheim) It is the microorganism usually found 
in the severe and often rapidly fatal septic processes, in general septicemia, in 
puerperal fever, in erysipelas and in many forms of angina or sore throat. It is 
usually pathogenic for laboratory animals, particularly for rabbits and mice, al- 
though this property will be found to fluctuate within considerable limits. It is 
my purpose in this review to deal rather with the more recently recognized or 
emphasized hemolytic streptococcus infections than with the older and more 
usual forms. 

Hemolytic streptococci are intimately associated either directly as causative 
agents or indirectly as secondary invaders with a number of diseases which in- 
volve the throat and respiratory tract. As we shall see in further detail strepto- 
cocci are frequently the apparent cause of sporadic and epidemic sore throat, of 
bronchopneumonia and empyema and are associated usually as secondary in- 
vaders in such diseases as scarlet fever and measles which involve the upper 
respiratory tract. The relation of streptococci to these infections is compli- 
cated by the fact that the streptococcus is a normal inhabitant of the nose, throat 
and tonsils. The exact percentage of normal or average individuals who show 
streptococci is somewhat doubtful and estimates have varied all the way from 1 
to 100 per cent. Earlier observations in this regard are of little value because no 
classification of streptococci on the basis of hemolysis was given and even later 
estimates are marred by failure to specify what type of streptococcus was found. 
Ruediger was perhaps the first to make a careful estimate of hemolytic strepto- 
cocci and of pneumococci in the normal throat as compared with a series of cases 
in scarlet fever. He found that 59 per cent of normal throats showed hemolytic 
organisms in small numbers whereas a considerably larger percentage showed the 
pneumococcus. It is probable that with the criteria then available the pneumococ- 
cus was confused with the streptococcus viridans. A recent estimate by Smillie 
would put the occurrence of streptococci in average throats, which is meant to 
include a number of individuals suffering from minor disturbances such as 
chronic tonsillitis, at 50 per cent. It seems probable through internal evidence, 
since Smillie used the Smith-Brown criteria of hemolysis, that at least a large 
percentage of these colonies were streptococcus viridans (his Alpha type) as seen 
in deep colonies. He found the true hemolytic streptococcus (his Beta type) 
present in only 1 per cent of average throats. At all events we conclude that 
streptococcus viridans is more frequently present than the hemolytic strepto- 
coccus in normal throats and when the hemolytic form is present it occurs in rel- 
atively small numbers as contrasted with large numbers in certain of the diseases 
which we are about to discuss. A further possibility arises, namely, that the 
type of hemolytic streptococcus present in pathological conditions differs from 
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that present in normal strains; a possibility by no means as yet sufficiently veri- 
fied to be worthy of much consideration. 

Streptococci in Epidemic Sore Throat——Numerous epidemics of septic 
sore throat have been noted in England since 1875, and have been admirably 
summarized by Winslow and by Savage. During the years 1911 and 1912 three 
different foci of this disease appeared in the United States; followed in the 
years 1913 to 1915 by several other smaller epidemics. In May, 1911, 1,034 
cases with 38 deaths occurred in and about Boston which have been described 
by Winslow, and later by Smith and Brown. In December of the same vear 
a large number of cases, possibly 10,000, occurred in Chicago which have been 
reported by Capps and Miller and Davis and Rosenow in particular. In Febru- 
ary and March of 1912 between 1,000 and 3,000 cases with about 30 deaths oc- 
curred in Baltimore. These have been reported by Hamburger, by Leutscher 
and ‘later by Frost, Stokes and Hatchel. In 1913 several epidemics occurred in 
New York State as reported by North, White and Avery and by Krumwiede and 
Valentine,? and later in 1915 at Mount Vernon reported by Winslow and Hub- 
bard. Similar smaller epidemics also appeared in the surrounding areas of.the 
original epidemics about Chicago (Capps and Davis; Rosenow and Moon) and 
Boston, (Smillie). These later epidemics were apparently of considerably less 
severity than the original ones. 

This particular disease which has been designated as septic sore throat dif- 
fers at least in intensity very markedly from the ordinary follicular tonsillitis. 
It is accompanied by extreme prostration and in the more severe epidemics by a 
group of serious and often fatal complications. Among these may be men- 
tioned peritonsillar abscess, otitis media, empyema, arthritis, nephritis, peritonitis, 
erysipelas, endocarditis and meningitis. The death rate is by no means slight as 
indicated by the figures already given. 

From the very first and even in the earlier English epidemics a distinct re- 
lation was noted between these cases and the milk supply. As early as 1903 
Pierce found moreover that there seemed to be a relation between the septic 
sore throat and the occurrence of mastitis or garget in the cows that furnished 
the milk. In the American epidemics the milk supply came at once under sus- 
picion for it was found that the cases were ordinarily confined to the route sup- 
plied by a single dairy. It was also noted that at the farms from which this 
milk appeared there might be cases of garget among the cows and in some in- 
stances a number of cases of sore throat were found among those who handled 
the milk. 

Hemolytic streptococci have, in all the recent epidemics, been immediately 
found both in the throats of those ill of the disease, in the lesions of the fatal 
cases and also in the milk supplied to them. Descriptions of this particular 
hemolytic streptococcus have in general varied little in the hands of different ob- 
servers. The organism has been uniformly hemolytic although the degree of 
hemolysis as described varied somewhat probably depending on the type of 
blood agar plates used for differentiation. The Chicago investigators ( Davis 
and Rosenow, Rosenow,* Davis") at first described the regular occurrence of a 
capsule surrounding the organism which they isolated and were inclined to re- 
gard it as intermediate between streptococcus mucosus and streptococcus pyo- 
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genes. It is evident, however, that this “Streptococcus epidemicus” as they at 
first called it can not be regarded as a distinct variety, for Rosenow found that 
the original strains when grown on agar lost their capsule and subsequently re- 
gained them readily when grown for a single generation in milk. Leutscher 
who also found a capsule did not regard this as sufficient criterion on the basis 
of which to separate this organism from S$. pyogenes. Davis,‘ in his most re- 
cent publication, regards the organism as identical with streptococcus pyogenes. 
At all events we know that capsules frequently appear in the animal body and 
may be associated with the degree of virulence possessed by the organism in 
question (Bordet; Bail and Kleinhans). The capsule originally described may 
perhaps better be referred to as capsular substance (Smillie). 

The origin of this particular hemolytic streptococcus, that is so readily dis- 
tributed by means of milk and with such serious effect has given rise to con- 
siderable discussion and can not yet be regarded as having been definitely settled. 
Streptococci of several varieties occur normally in perfectly clean and certified 
milk. The streptococcus lacticus for example, a nonhemolytic variety has been 
regularly found by Ruediger® and Heinemann.'? Hemolytic streptococci also oc- 
cur in milk that is apparently healthful but its presence at once suggests or 
would apparently prove that there is some disease of the udder in the cow that 
furnished such milk. (Ruediger,? Mathers, and Davis’). It has further been 
recognized for many years (Nocard and Mollereau) that mastitis or garget in 
cattle is due to a streptococcus. The occurrence, moreover, of cases of mastitis 
in cows furnishing milk that has given rise to these epidemics is frequent though 
by no means invariable and suggests a bovine origin of the human cases. Two 
opinions have arisen as to the origin of the streptococcus actually concerned in 
the human disease. ‘The first and older opinion is that it is caused by a strepto- 
coccus of bovine origin which has first caused mastitis in the affected cows; the 
second and more recently maintained opinion is that it is due to a human strain 
of hemolytic streptococcus derived from the throats of milkers and accidentally 
propagated in the cow's udder or inoculated in the milk. 

It has been proved by Savage, by Davis and Capps and by Mathers that 
cases of true mastitis or at all events closely resembling mastitis may be pro- 
duced in goats and in cows by injecting human strains of hemolytic streptococci 
into the milk ducts or even by a slight abrasion of the teats. Savage on the 
other hand failed to produce human sore throat by means of bovine strepto- 
coccus strains. There is apparently some difference of opinion as to whether the 
disease produced by Davis and Capps is really true bovine mastitis or not. It 
was so regarded by the authors in their original communication but Smith 
and Brown referred to it as a mild inflammatory reaction and Davis and Capps 
in their more recent communication would apparently accept this latter definition. 
At all events they have proved beyond doubt that human hemolytic strains may 
live in the udder of cows for a considerable period of time. It is further pointed 
out by Smith and Brown that the ordinary garget of cattle which occurs through- 
out the year could not explain the epidemic form of human tonsillitis which oc- 
curs only at certain seasons. 

The crucial proof, however, rests in the identity or nonidentity of human 
bovine hemolytic strains as derived from mammitis in conjunction with an epi- 
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demic of sore throat and on the other hand from the patients suffering from sore 
throat. Certain differential points have apparently been demonstrated. Smith 
and Brown and Davis" both agree that the human strains are virulent for rab- 
bits whereas the bovine strains are not. Davis has shown that the human patho- 
genic strains are less resistant to heat than the bovine strains. Smith and Brown 
have pointed out certain differences in the sugar tests although Broadhurst* 
found no such criteria on which to base a separation between her two groups 
of cultures. 

Smillie in the most recent article on this subject has found that sporadic 
cases of sore throat also show the same type of hemolytic streptococcus as the 
epidemic cases and probably differ from these latter cases only in mode of distri- 
bution. In this connection he further points out that carriers of the hemolytic 
streptococci may retain organisms for several months after recovery. Efficient 
pasteurization (Rosenow and Moon) is apparently sufficient to destroy the 
streptococcus in milk. It is also destroyed by the souring of milk (Davis)* and 
the organisms moreover do not increase notably at the ordinary temperature at 
which milk is handled. 

Streptococci in Scarlet Fever.—Streptococci were observed in smears from 
the angina of scarlet fever as early as 1884 by Loeffler, and have since then been 
isolated and studied with more and more exact methods by several observers. 
Ruediger for instance found hemolytic streptococci in the tonsils constantly while 
the inflammation of the throat was active and noted moreover that they decreased 
rapidly in numbers with the subsidence of the throat symptoms. Some of these 
organisms fermented mannit and others did not and they showed interaggluti- 
nations with a specific serum from goats immunized with one of the strains. 
Anthony found hemolytic organisms almost constantly in throats of scarlet 
fever cases and in the heart’s blood of 10 of 18 autopsies in fatal cases. It was 
also present in the complications of scarlet fever. Smillie found that the pres- 
ence of the true hemolytic streptococcus (his Beta type) was almost constant 
in the throats of the severer cases of scarlet fever but less likely to occur in the 
milder cases. It was also persistent in many instances for several months in 
recovered scarlet fever cases and is thought by him to be a possible means of 
transmitting, not scarlet fever, but septic sore throat, believing as he does in the 
identity of the strains isolated from the two conditions. 

Streptococci are by no means so frequently found in the blood of scarlet 
fever cases although often present in the fatal cases. Moser found them in 63 
of 93 cases at death but rarely during life; Hektoen found them in only 12 per 
cent of those examined and then only in the more severe cases. That it is prob- 
ably the usual cause of death in scarlet fever would seem certain from these 
findings which are corroborated by other observers. The general opinion is, 
however, that the streptococcus is not the cause of scarlet fever and it has been 
specifically shown by Landsteiner that the injection of scarlet fever strains of 
streptococcus in apes did not produce scarlet fever although the blood of scarlet 
fever cases transmits the disease to these animals. 

Moser and von Pirquet found that scarlet fever streptococci were aggluti- 
nated by the serum of animals immunized against these organisms and of scarlet 
fever patients but that normal throat streptococci were not so affected. Weaver 
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found that streptococci derived from scarlet fever cases were agglutinated by 
the serum in such cases but also by the serum of cases from other types of 
streptococcus infection. Weaver mentions normal serum controls but does not 
include them in his protocols. ‘The whole question is open in view of the state- 
ment of Zelenski that most streptococci are agglutinated by normal human sera 
Tunnicliff found a rise in opsonic index to the streptococcus during the course 
of scarlet fever. Besredka and Dopter were unable to obtain a fixation reaction 
with the streptococcus and the serum of scarlet fever patients. Moser and 
others have utilized an antistreptococcus serum obtained by immunizing horses 
with scarlet fever strains and by its use reduced the mortality in scarlet fever in 
a series of cases as compared with untreated controls. Although of no partic- 
ular bearing as regards the relation of streptococci to scarlet fever it may be 
noted that Weaver? and others have obtained beneficial results in scarlet fever 
by injecting the serum of recovered cases. 

Streptococci in Smallpox.—Several observers have found streptococci as a 
general blood infection in cases of smallpox, whereas others have failed to 
demonstrate the organism in this connection. Perkins and Pay found the or- 
ganism regularly in all fatal cases in the blood stream and in many cases that 
were not fatal. They do not specifically state whether their organisms were of 
the hemolytic variety or not. They point out that it is not to be assumed that the 
streptococcus has any etiological relation to the disease. It is interesting to 
note that their observations lead them to assume that the portal of entry is 
through the bronchial mucous membrane which agrees with the approved or sup- 
posed mode of entrance in this group of the acute exanthemata which we are 
considering. 

Streptococci in  Measles—The hemolytic streptococcus has been found 
quite frequently and often regularly in the throat of measles cases. Anthony 
for example found the hemolytic variety of the organism in the throat of every 
one of 24 cases, and the viridans was also noted to be present. Levy and Alex- 
ander found hemolytic streptococci in 77.1 per cent of 388 cases of measles. In 
connection with the etiological study of bronchopneumonia which we shall con- 
sider presently Lorey noted that the hemolytic streptococcus was the invariable 
cause of all complications in measles and was fatal when found in the blood 
stream. Among the most frequent of these complications are otitis media and 
bronchopneumonia, the latter of which will concern us more specifically in a 
moment. 

Quite apart from the finding of the hemolytic streptococcus in the respiratory 
tract in measles as an incidental infection is the recent description by Tunnicliff?* 
of the regular occurrence of a viridans variety of streptococcus in the blood stream 
of early cases both of measles and of rubella. In 42 out of 50 cases Tunnicliff 
has found streptococci more particularly during the preeruptive stage of the dis- 
ease, and the organism on first isolation and not infrequently in subsequent cul- 
tures is anaerobic. She further noted that the serum of the patients concerned 
had opsonins with specific effect upon the organisms isolated from the particular 
form of disease in question, that is to say measles serum reacted with the true 
measles strains and not toward the rubella strains or the reverse. It is obvious 
that this organism may be suspected of having some direct etiological relation to 


4 
ar 
| 
- 
‘= 


736 THE JOURNAL OF LABORATORY AND CLINICAL MEDICINE 


measles and is quite distinct from the hemolytic streptococcus considered above. 

Streptococci in Bronchopneumonia and Empyema.—It was noted by Eyre in 
1910 that the streptococcus is the most frequent organism found in cases of 
bronchopneumonia following measles. It is practically the only organism pres- 
ent in those cases of bronchopneumonia which follow diphtheria. In 1913 
Thursfield described the streptococcus as regularly present in measles—broncho- 
pneumonia. In this connection may be noted with interest experiments on various 
types of pneumonic lesions in dogs by Wollstein and Meltzer.'* Lamar and Melt- 
zer had produced a typical lobar pneumonia in dogs by means of intrabronchial in- 
sufflation of cultures of pneumococcus. Wiinternitz and Hirschfelder later by the 
same method produced entirely analogous results in rabbits. Following these 
pneumococcus experiments Wollstein and Meltzer employed cultures of the 
streptococcus with equally striking but somewhat different results. The mortality 
was distinctly less in animals that had received the streptococcus cultures and the 
lesions were distinctive and resembled human bronchopneumonia. Particular 
interest attaches to the description that is given of the interstitial infiltration of 
cells in this experimental bronchopneumonia in view of the later description in 
connection with camp epidemics described by MacCallum. It was found that vari- 
ous strains of streptococci varied only in the degree and extent of lesions pro- 


duced and not in the type of lesions. 

During the past few months attention has been drawn to a serious and epi- 
demic form of bronchopneumonia which has occurred in the army cantonments 
throughout the United States. This pneumonia at first confused with lobar pneu- 
monia due to the pneumococcus has chronologically succeeded it and in the earlier 
cases was often combined with it. It has been unquestionably proved that this 
type of pneumonia is due to the streptococcus. In a large number of cases, al- 
though by no means invariably, this bronchopneumonia has been a direct sequel 
of measles and in many of them perhaps one-third of the total has been followed 
by empyema with a high mortality rate. It appears that this form of fatal em- 
pyema has been well recognized by pediatricians who have met with it in connec- 
tion with the bronchopneumonia following measles in children. Koplik found 
that in a series of cases of empyema in children from one to five years of age, 
that 15 per cent were due to the streptococcus and 69 per cent were due to the 
pneumococcus with or without streptococcus. It may be assumed that with pres- 
ent methods of differentiation between these two organisms distinctly more than 
15 per cent of his cases might have been shown to be of pure streptococcus origin. 
These cases of empyema followed measles, scarlet fever and whooping cough. 
Zybell states that the streptococcus is the most frequent cause of empyema in 
young children although after the age of five other organisms appear with greater 
frequency. 

As already mentioned the earlier cases of bronchopneumonia and empyema in 
army camps due to the streptococcus followed chronologically on the usual cases 
of lobar pneumonia which had occurred from the month of October, 1917, on- 
ward, and which were gradually succeeded in numbers and finally replaced by the 


streptococcus group. In the several reports available of this severe bronchopneu- 


monia in camps in Illinois, Virginia, Texas and Michigan hemolytic streptococci 
have been found in all or nearly all instances of the disease. Now that it has been 
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fully studied post mortem it may be clearly differentiated from lobar pneumonia 
although it was by no means readily separable from it by clinical methods. The 
particular microorganism concerned both in the empyema fluid and in the tonsils, 
sputum and lungs of these cases have been studied by Dick, Irons and Marine, 
Alexander, Levy and Alexander, Cole and MacCallum, Cumming, Spruit and 
Lynch, and others. Alexander found in his early observations that apparently 
two types of hemolytic streptococcus were present differing in their fermentative 
properties on mannit and corresponding thereby to the types described by Holman 
as streptococcus infrequens and streptococcus pyogenes respectively. Kendall 
who has made a special study of 58 strains of hemolytic streptococcus derived 
from cases in a number of army camps in Illinois, Virginia, Texas and Michigan 
under the auspices of the National Research Council found that about 80 per cent 
would correspond to the pyogenes strain and 20 per cent to the streptococcus in- 
frequens. Ultimate decision, however, as to whether one or several strains of 
hemolytic streptococcus are concerned in these cases must be left to further in- 
vestigation. Immunological studies should in particular be undertaken on this 
problem. 

The epidemiology of these camp epidemics of bronchopneumonia and em- 
pyema are very instructive even in the present incomplete state of our knowledge 
concerning them. In the first place it may be noted although it is perhaps a mat- 
ter of no great importance in the transmission of the disease, that Alexander 
found the same microorganism in nasal swabs from four sick horses in Camp 
Zachary Taylor at the time when bronchopneumonia was at its height. In this 
connection the description by Mathers? of the occurrence of equine influenza 
or shipping fever at various stock yards in the United tates, a disease well rec- 
ognized to be due to the streptococcus since the time of Schutz, is of interest. In 
117 cases Mathers? isolated hemolytic streptococci from the nasal discharges and 
various tissues of the body in fatal cases. ‘The disease is manifested by a high 
fever, nasal discharge and frequently such complications as pneumonia, pleurisy, 
empyema and arthritis. The lungs are always affected in fatal cases. Of far 
greater importance are the epidemiological studies in the camps themselves of 
positive factors such as dust and the actual presence of streptococci in the throats 
of normal and diseased individuals. Several studies have been made as to the 
presence of the hemolytic streptococcus in the general camp population. It has 
been assumed from the work of Smillie that hemolytic streptococci are present in 
only a small percentage of normal individuals. Cumming, Spruit and Lynch 
found about 6 per cent of carriers of S. hemolyticus (their Type III) in Fort 
Sam Houston. Fox and Hamburger and Levy and Alexander both reporting 
from Camp Zachary Taylor, found about 15 per cent normal carriers of the 
hemolytic streptococcus as an average. Irons and Marine in Camp Custer report 
as high as 70 per cent of the individuals as harboring thee microorganisms. In 
regimental units that have been found particularly susceptible to the broncho- 
pneumonia as high as 89 per cent (Levy and Alexander) were found to harbor 
hemolytic streptococci. In the average of measles cases taken at various periods 
during the course of the disease from one-third to two-thirds show streptococci 
in their throats (Cumming et al, 35 per cent; Cole, 36.5 per cent; Levy and Alex- 
ander, 77.1 per cent). 
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The observations by Cole and his colleagues as regards ward contamination in 
measles cases have been most enlightening and of great practical importance. In 
a relatively small series of cases Cole found that whereas measles cases on their 
entrance to the hospital showed the presence of hemolytic streptococci in their 
throats in only 11.4 per cent that this average rose rapidly in mixed wards so 
that in the interval from the &th to the loth day after admission the percentage of 
positive carriers had risen to 56.8 per cent. ‘This observation and the following 
study reported by Levy and Alexander have led to a most important measure of 
preventing the spread of this serious infection. Careful measures of segregation 
were undertaken at Camp Zachary Taylor and positive streptococcus carriers 
among the measles cases were promptly separated from those who did not show 
the organism in their throats on admission. After these measures were carefully 
carried out it was found that 36.8 per cent of the positive cases showed complica- 
tions, following measles attack whereas among those in whom no streptococei had 
been found complications occurred in 6.4 per cent only. The complications fol- 
lowing measles in the Camp Taylor cases occurred in 30.6 per cent of the cases. 
In the Fort Sam Houston cases Cumming, Spruit and Lynch report that 49 per 
cent of those who were known to harbor the true hemolytic streptococcus showed 
complications, whereas a control series that contain other streptococci (their Types 
I and II hemolysis) showed complications in only 13 per cent of the cases. The 
obvious relation between the presence of a hemolytic streptococcus in the throat 
and subsequent complications proved to be due to this organism is therefore well 
demonstrated. 

Numerous complications have occurred in these camp measles cases among 
which may be noted in approximate order of frequency, bronchopneumonia, acute 
tonsillitis, acute bronchitis, acute suppurative otitis media, empyema and pericar- 
ditis, and then a series of local manifestations at places more remote in the body 
such as erysipelas, adenitis, peritonitis and meningitis. We are particularly con- 
cerned at this point with the cases of bronchopneumonia and still more interested 
in those cases followed by empyema. Bronchopneumonia has occurred in about 
one-third of all the cases of measles that have been carefully described and per- 
haps a third of these cases have been followed by empyema (Levy and Alexander, 
34 per cent). It should be noted in this connection that although the diagnosis of 
empyema may be more readily assured, the diagnosis of bronchopneumonia, par- 
ticularly as differentiated from lobar pneumonia, has been by no means so simple 
or certain. It is further to be noted that many cases and indeed groups of cases, as 
for example at Camp Lee, Virginia, have borne no relation to preceding measles 
and again that empyema has occurred not infrequently without antecedent bron- 
chopneumonia or at least without bronchopneumonia which was detected. Owing 
to the incompleteness of the reports and necessary inaccuracies in diagnosis, no 
reliable figures could be given at the present time as to the proportion of each of 
these types of disease. 

The course of the bronchopneumonia following adult measles has been care- 
fully studied and reported on by Cole, Fox and Hamburger, Irons and Marine and 
others. The disease usually begins with rapid symptoms of prostration followed 
by respiratory disturbances, and frequently is accompanied by angina. The phys- 
ical signs of involvement of the lung tissue are often indefinite and a diagnosis is 
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difficult even with the aid of fluoroscopic examination. The bronchopneumonia 
when followed by empyema may be transitory or may persist for a considerable 
period of time. If the involvement of the lung subsides the patient soon shows 
less evidence of prostration although the involvement of the pleura may rapidly 
increase. 

On postmortem examination the lesions have been found in various localities 
to differ somewhat in extent and distribution, in accordance with the mode of dis- 
tribution of the streptococci in the body. The lung lesions due to the streptococcus 
alone have been in most cases described as similar or identical to lobular pneu- 
monia as found in children. In many instances lobar pneumonia has occurred si- 
multaneously with the lobular pneumonia as for example in the Sam Houston 
cases described by MacCallum and in those cases described by Dick and in many 
such instances it has been possible to demonstrate the presence both of the pneu- 
mococcus and the streptococcus. Apparently two methods of distribution of the 
streptococci have been observed, the less frequent method in the form of a septi- 
cemia in which case the microorganism is found more regularly in the circulating 
blood and various lesions in the peritoneum, meninges and joints as well as in 
those structures directly adjacent to the lungs. In a recent small group reported 
by Lucke multiple subserous hemorrhages and jaundice likewise occurred. A 
large number of cases is apparently due to a spread of streptococcus infection by 
extension down the respiratory passages as in those cases described by MacCallum 
and also mentioned by Irons and Marine and Hamburger and Mayer. In these 
cases the blood cultures during the course of the disease are rarely positive; in 
the Fort Sam Houston cases for example only 13 per cent according to Cole were 
positive and 17 per cent according to Cumming, before death. 


The lung lesions have been described in detail by MacCallum who has found 
that the form of bronchopneumonia differs somewhat from that usually described 
in children which consists of an exudate into the alveoli. The exudate in these 
post measles cases was largely interstitial in character and would apparently cor- 
respond to that described in the experimental streptococcus pneumonia in dogs by 
\Wollstein and Meltzer. Small grayish nodules extending above the cut surface of 
the lung were found by MacCallum in many cases resembling tubercles. In his 
group of cases the spread of the disease seemed definitely by extension down the 
respiratory passages through the lungs and into the pleura and this corresponds 
to the cases we have observed at Camp Lee. Lucke has differentiated on gross 
appearance four types of bronchopneumonia in his series from Camp Zachary 
Taylor the first two of which, characterized by the peribronchial distribution and 
general distribution in all lobes, he regards as characteristic of measles broncho- 
pneumonia. The adjacent tissues particularly the pericardium are not infrequently 
involved and in the less usual and metastatic form of the infection the joints, peri- 
toneal cavity and the meninges may present secondary foci of infection. 

Pleuritis and empyema which as noted occurred with varying degrees of lung 
involvement and with varying duration of symptoms of bronchopneumonia is the 
serious and often fatal complication in this syndrome. ‘The mortality of the cases 
of empyema has ranged from 23 per cent in those cases described by Hamburger 
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and Mayer in which the ultimate results were by no means available, to 46 per 
cent in the cases described by Irons and Marine at Camp Custer and 47 per cent 
in the cases described by Cole and MacCallum. In the fatal cases the duration of 
the pleurisy and subsequent empyema has varied from a few days to several 
weeks and recovery has been in most cases extremely prolonged and indefinite. 
The empyema fluid as first observed is serous, often bloody or brownish in char- 
acter, and only gradually becomes purulent. The definite increase of pleural 
exudate is accompanied by compression and atelectasis of the lung and the extent 
of the fibrin and the thickness of the pleura varies with the duration of the proc- 
ess. It is not within our province to discuss the methods of treatment which have 
been suggested and are being tried in dealing with this severe and often fatal 
complication. It would appear to be the growing consensus of opinion that sur- 
gical interference is best postponed until the subsidence of the acute symptoms of 
bronchopneumonia with the relative improvement of the patient which follows and 
also until the pleural exudate has become distinctly purulent in character. 

The modes of prevention of this bronchopneumonia empyema complex 
whether following measles or not are again matters which are still in the process 
of being evolved. Most significant are the observations of Cole and of Levy and 
Alexander as to the spread of infection in the presence of positive carriers 
whether in normal individuals or in those attacked by measles. ‘The system of the 
separation of the clean from the dirty measles cases as described by Levy and 
Alexander has proved most satisfactory in diminishing the incidence of complica- 
tions. Levy and Alexander find that even with careful observation of the cubicle 
system, and care against contamination by obvious means, that when dirty and 
clean cases are mixed in the wards the streptococcus infection will spread from 
one individual to his neighbor readily. In one ward in which 12 clean and 12 
dirty patients were placed at the end of a week only 3 noncarriers remained. Ef- 
forts to disinfect the mouth in the positive carriers have not been successful. 
Levy and Alexander found that in spite of gargles and sprays and with various 
solutions 71.7 per cent of their measles cases discharged from the hospital 
still retained the streptococcus hemolyticus in their throats. The few reports that 
have been made on the possibilities of specific therapy by means of vaccines and 
serums in these epidemics have been largely in the line of suggestion. It is ob- 
vious that any progress in this direction must be preceded by more fundamental 
studies on the nature of streptococcus immunity than have as yet been undertaken. 


STREPTOCOCCUS VIRIDANS IN CONNECTION WITH THE RHEUMATIC FEVER GROUP OF 
INFECTIONS AND IN OTHER DISEASES 


In his earlier differentiation between the hemolytic and viridans forms of 
streptococci Schottmiiller pointed out the pathogenic significance of these two 
types of organisms. Whereas the hemolytic streptococci are concerned more par- 
ticularly with acute, severe, and generalized infections the streptococcus mitior 
or viridans was found particularly in association with the milder, more chronic 
group of infections with certain definite localizations. It has been noted from the 
time of Schottmiiller and Ruediger that viridans strains are less pathogenic for ex- 


perimental animals than hemolytic strains. 
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There is a clinical group of diseases associated with certain forms of ton- 
sillitis which have long been recognized and which comprise acute articular rheu- 
matism or rheumatic fever often with coincident infection of the joints which may 
become chronic; this rheumatism is frequently complicated by endocarditis and 
associated not infrequently with chorea. It would appear that not only tonsillitis 
but also pyorrhea may serve as the local starting point of this generalized infection 
(Cecil, Moray). Westphal, Wassermann and Malkoff isolated a streptococcus 
from a case of rheumatic fever, chorea and hyperpyrexia and produced with this 
organism inflammation of the joints in rabbits. This observation has been fol- 
lowed by many others including much experimental consideration of the appar- 
ently similar diseases which may be produced in animals. Different conclusions 
have been drawn particularly as to the specificity of the lesions produced by the 
streptococcus strains from rheumatic fever. Menzer, Cole and Rothschild and 
Thalheimer have shown that streptococci from various other sources would pro- 
duce similar lesions. Poynton and Paine isolated a form of streptococcus viri- 
dans to which they gave the name of “Diploceccus rheumaticus” because they 
regarded it as being specific and different from other forms of streptococci, a 
viewpoint also held by Beattie. We shail discuss in a moment the experimental 
production of arthritis in animals in a more general connection and for a moment 
confine ourselves to the occurrence of the streptococcus in human disease. 

Although the streptococcus viridans may be found not infrequently in rheu- 
matic fever with polyarthritis it is apparently not of regular occurrence to judge 
from the recent work of Swift and Kinsella who obtained it from the blood stream 
in only &.3 per cent of fifty-eight cases. ‘They failed, moreover, to isolate it from 
the joints in any case. In subacute endocarditis on the other hand, so frequently 
associated with polyarthritis, Kinsella? obtained either the viridans or an anhemo- 
lytic saprophytic streptococcus with regularity and proved the existence of spe- 
cific antibodies for the strain concerned in the serum of the patient. The viri- 
dans has been found by Cecil in 16 out of 23 cases of mild tonsillitis of the recur- 
rent type so frequently associated with rheumatic fever. Quigley found viridans 
in 10 of 21 cases of chorea in the circulating blood. 

Elective Affinity of Streptococci—The diversity of opinion as to the speci- 
ficity of experimental arthritis produced by streptococci from rheumatic fever and 
by strains from other diseases has been again brought into great prominence 
through Rosenow’s work on tropism or the elective affinity of bacteria. There is 
proof from the immunological work of Kinsella, Krumwiede and Valentine and 
others that the viridans organisms are a heterogeneous group and their associ- 
ation with varied and strictly localized chronic lesions in the body gives color to 
this opinion. The specific reasons why localization of apparently similar organ- 
isms should take place now in one part of the body and now in another may be ex- 
plained in two general ways. First, by a lowering of resistance of the affected 
part in the individual (Jocus minoris resistenti@) and secondly by a_ specific 
affinity of the particular culture in question for a given tissue in the body. It is, 
of course, logically possible that both these factors may be operative in produc- 
ing localization of lesions. Rosenow has been led to emphasize the organotropic 
effect of the bacteria rather than any particular diminished resistance in the part 
affected. In an elaborate series of experiments extending over several years, em- 
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ploying very large numbers of experimental animals, Rosenow has apparently 
heen able to show that streptococci obtained from particular lesions and in all 
instances presumably the cause of those lesions have, when first isolated from the 
body, a particular affinity for the tissues whence they originated. Thus Rosenow 
and his coworkers have shown from the standpoint of etiology that streptococci 
are not only present in rheumatic fever, and in endocarditis, pericarditis and myo 
cardial lesions as well as the joints affected in this disease complex, but also in 
such apparently diverse affections as appendicitis, (Rosenow and Dunlap, Rose- 
now );* ulcer of the stomach and duodenum, ( Rosenow ) ;*? Cholecystitis, (Rose- 
now) ;° erythema nodosum, (Rosenow),’ Herpes zoster, mumps, (Herb, Rose- 
now and Dunlap); myositis, iritis, ( Rosenow ) ;* iridocyelitis (Irons, Brown and 
Nadler). Each of the strains of streptococcus viridans isolated from one of 
these conditions will on injection intravenously in rabbits or dogs tend to localize 
in the same tissue and produce the same lesion in a relatively high percentage of 
animals as compared with the percentage of such lesions in animals inoculated 
with nonspecific strains of streptococcus. These specific relations are readily 
visualized in (Table IL) which is taken from Rosenow’s® more elaborate tabula 


II 
ELECTIVE LOCALIZATION OF STREPTOCOCCI (ROSENOW ) 


Animals — &33. 


Strains 220. 
ORIGINAL STRAIN PER CENT LESIONS WITH PER CENT LESIONS WITH 
FROM NONSPECIFIC STRAINS SPECIFIC STRAINS 

\ppendix 68 
Ulcer stomach 20 60 
Cholecystitis 11 80 
27 Joint 66 

14 Endocardium 46 
Rheumatic fever > Pericardi had 
| 2 Pericardium 27 

10 Myocardium 44 

Erythema nodosum 2 Skin 90 
Herpes zoster 2 Skin 70 
Mumps 0 Parotid 73 
Myositis 10 35 
Endocarditis 14 &4 


tion. It will be seen from this table that the results are frequently very strik 
ing as for example in the case of erythema nodosum ; although nonspecific strains 
may produce the lesions in question the percentage is always higher with the spe- 
cific strains. The burden of proof rests we believe with those who would dis 
prove Rosenow’s contention. In matters of this sort positive evidence, when ob- 
tained, is of more value than negative results, and failure to repeat does not dis- 
prove. Rosenow does not claim that his results are invariable or that nonspecific 
strains may not less frequently produce the same results. His argument is based 
on quantitative evidence and nothing but quantitative evidence of the same sort 
and in like volume would suffice to disprove his thesis. 

Among the other recent observers who have produced and studied arthritis 
with viridans strains may be mentioned Cecil,’ Jackson, and Faber. The latter au- 
thor makes interesting observations which point to the factor of localized lowered 
resistance as operative in the lodgement of streptococci. He obtained arthritis 


regularly only when the successful inoculation had been preceded by sensitization 
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of the joint with a dead culture of the streptococcus and found that this sensi- 
tization is specific in that it is not produced by a staphylococcus for example. 
Chronic arthritis has been produced by Davis® in rabbits and by Schloss and Foster 
in monkeys. Among those who have recently emphasized the nonspecificity of 
viridans strains in producing arthritis may be mentioned Rothschild and Thal- 
heimer, Henrici, and Detweiler and Maitland. Moody in an interesting series of 
experiments in which he utilized strains obtained from cases of alveolar abscess 
with or without the complication of articular rheumatism found that the percent- 
age of joints affected experimentally were the same in both series, thus indicating 
the absence of specific affinity in the pyorrhea-rheumatic strains. Rosenow'’ has 
emphasized the importance of using recently isolated strains in producing local 
lesions since they are found to lose their specific affinity on cultivation and even 
to some extent on animal passage. He has also emphasized from the beginning 
that variation in oxygen tension and other technical details which might well ex- 
plain the failure of others to repeat his results. (Rosenow )."" 

Certain of the apparent etiological associations of streptococci with the di- 
verse diseases we have categorically summarized in discussing Rosenow’s theory, 
are worthy of much fuller consideration that we feel incumbent on us to give in 
this place. Rosenow and Dunlap, for instance, have pointed to epidemic condi- 
tions that may occur in the outbreak of appendicitis and of cases of parotitis 
which they felt could be traced to streptococci milk used in ice cream. The 
claimed etiologic relation of streptococci to cholecystitis, gastric ulcer, erythema 
nodosum, and herpes zoster were certainly unexpected and have naturally been 
received with some skepticism awaiting further confirmation. Rosenow* has fur- 
ther complicated his theory of elective affinity in the case of appendicitis by ob- 
taining a summation of elective affinities on injecting mixtures of streptococci and 
colon bacilli, thereby apparently simulating natural conditions more fully. 

Streptococci in Anterior Poliomyelitis—1n 1913 Flexner and Noguchi de- 
scribed a filter passing virus from tissues of cases of poliomyelitis and on cultiva- 
tion apparently obtained a pure growth of globoid bodies in such filtrates which 
were regarded as the etiological agent in the disease. Until 1916 these results 
passed unquestioned. In this vear a series of observers (Mathers,* Nuzum and 
Herzog, and Rosenow and Towne) found a somewhat peculiar form of strepto- 
coccus viridans regularly in the tissues of cases of anterior poliomyelitis. Since 
this time several investigators have concerned themselves with the etiologic signif- 
icance of this microorganism. ‘The coccus has been grown in pure culture from 
adenoids, tonsils, mesenteric lymph nodes, central nervous system and the spinal 
fluid in anterior poliomyelitis. There is apparently considerable variation in the 
cultures as regards size and shape of organism, pigment formation and also in its 
growth on various media (Rosenow and Wheeler, and Heist, Solis-Cohen and 
Kolmer).'* An apparent correlation between these observations on cocci and the 
work of Flexner and Noguchi has been furnished by Heist, Solis-Cohen and Kol- 
mer and also by Rosenow and Wheeler who by growing the coccus under anaero- 
bic conditions have succeeded in obtaining a filterable form of the virus with bod- 
ies in the filtrate which resemble those described by Flexner and Noguchi. Of in- 
teresting confirmatory nature are the observations of Hektoen, Mathers and Jack- 
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son who have found cocci in stained sections of 50 cases of poliomyelitis obtained 
from different localities. 

Considerable difficulty has arisen in connection with the experimental pro- 
duction of the disease with pure cultures of this coccus in animals. Whereas 
such experimental reproduction of the disease was described by Rosenow, it has 
been questioned by Bull who found no specificity of streptococci from cases of 
poliomyelitis as regards production of the lesions described by Rosenow in 
guinea pigs, dogs, cats and monkeys. Streptococci have been described in the 
normal tissues of the rabbit by Tsen in 7 out of 10 cases and of monkeys by 
Lamar who had found similar organisms in spontaneous septicemia. Bull 
found no lesions in his experimental animals resembling poliomyelitis and re- 
gards the streptococcus when present as a secondary invader. 

Antibodies have been described in the serum of rabbits immunized against 
the streptococcus, particularly opsonins by Mathers and Howell who found fur- 
ther that these antibodies did not react with other strains of streptococci. Sim- 
ilar antibodies have been described in recovered monkeys by Rosenow and Gray. 
Patients suffering from poliomyelitis also contain opsonins for this particular 
form of coccus according to Heist, Solis-Cohen and Kolmer.*. Most convincing 
of all in indicating the etiological relation of this microorganism to the disease 
are the results with an antiserum derived by immunizing horses with this form 
of coccus. Nuzum and Willy obtained such a serum which had curative effect 
on monkeys infected with poliomyelitis virus. Rosenow'! has recently described 
curative results not only in monkeys but also in a series of human cases treated 
by an antiserum against the specific coccus. The injections were given intra- 
venously and in 58 treated cases the mortality was 17 per cent. Of these seven 
out of the ten fatal cases were moribund at the time of first inoculation and 
if the mortality is corrected on the basis of 51 cases it is found to be only 6 per 
cent. A similar group of control cases, 23 in number, had a mortality of 35 
per cent. The serum also left the early treated cases without any consequent 
paralysis, whereas this occurs regularly in about half the untreated cases. 


IMMUNITY IN STREPTOCOCCUS INFECTIONS 


Streptococci multiply in the human body in several different ways. They 
may rapidly proliferate invading the entire system and producing a form of 
septicemia against which form of activity the host offers apparently little re- 
sistance; they may localize at the point of entrance and be rapidly disposed of 
by means of leucocytes, or may persist, as for example in the pleural cavity and 
joints for a considerable time, later to assume more pathogenic properties and 
to invade the entire body in the form of septicemia; or again streptococci may 
be distributed as staphylococci are through the general circulation into meta- 
static foci as in the case of rheumatic fever, and with varying outcome. It 
is evident that in viewing the pathogenic activities of streptococcus we have to 
deal first with the proliferation of the microorganism itself and secondly with 
various toxins which that microorganism may form. In the case of the strep- 


tococcus we know that a substance which destroys red blood corpuscles is 
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formed by a majority of the highly pathogenic human strains. There is also 
some rather indefinite information as to formation of a leucocidin, a substance 
formed in greater amounts by certain of the staphylococci but also to some ex- 
tent by the streptococci ( Ruediger,°* McLeod). There is no particular reason 
to believe that the hemotoxin per se has any predominant function in determin-_ 
ing the result of the streptococcus infections, (Menzer*) although as we have 
already considered it apparently runs parallel with the degree of pathogenicity 
of any particular streptococcus. The work of Menzer further suggests that 
there may be some other type of toxin formed by the streptococcus which is 
responsible for the cachexia in animals who although they have succeeded in 
killing off the organisms themselves later succumb to a wasting process. We 
have, however, little precise information as to the nature of this toxin whether 
it be endo-or exo-cellular in origin (Weil). 

Some interesting observations have recently been made by Hopkins and 
Parker concerning the disposition of streptococci when injected into the cir- 
culation of naturally resistant animals (cats) and nonresistant animals such as 
rabbits. They find as has previously been shown that the organisms disappear 
in both animals rapidly from the circulation. In rabbits they are destroyed in 
most organs but those which lodge in the muscles multiply there and afterwards 
reinvade the general circulation causing septicemia and death. It appears from 
their work that the fixed tissue cells are responsible for the destruction of the 
organisms in resistant animals rather than the fluids of the body. Leucocytes 
and bone marrow are apparently endowed particularly with the power of de- 
stroying streptococci according to Ruediger,® although the cooperation of opsonic 
substances in the serum is apparently necessary for complete destruction, at 
least in the less resistant animal. Apparently normal human and animal sera 
have little effect by themselves in destroying streptococci. Ruediger® also found 
that the serum of cold-blooded animals had no destructive action. 

During the course of streptococcus infection in human beings and animals 
a certain definite reaction occurs in the body irrespective of the outcome of the 
infection. Whereas it may be true that ultimate destruction is due to the leuco- 
cytes or fixed tissue cells the cooperation of tropic substances is apparently 
always necessary. Whereas, the serum of human cases from streptococcus 
infection does not acquire the property of killing streptococci the whole blood 
does have this property according to Ruediger,’ and the property is directly 
proportional to the number of leucocytes that are present. ‘The opsonins or 
tropins may be shown to be actually increased in certain streptococcus infec- 
tions as for example in subacute endocarditis as shown by Meakins. Fixation 
antibodies are apparently not usually formed in streptococcus infections. Bes- 
redka and Dopter, for example, found them absent in cases of scarlet fever al- 
though the streptococcus is frequently associated with the disease, and Hastings 
found them absent in cases of viridans infection. ‘They were found not in- 
frequently present in certain viridans infections, however, by Aschner provided 
the homologous organism was used as an antigen. 

The occurrence of agglutinins in the serum of streptococcus infections has 
given rise to a great deal of discussion and has a bearing on the specificity of 
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Moser 


certain strains of the streptococcus notably those from scarlet fever. 
and von Pirquet found that the serum of cases of scarlet fever gave an agglu- 
tination reaction in low dilutions with streptococci derived from these cases. 
This reaction did not occur with other strains of streptococcus and apparently 
indicated the specificity of the strains derived from this disease. These results 
were apparently repeated by Hasenknops and Salge but Weaver at about the 
same time found that the reaction also occurred with the serum from other 
types of streptococcus infection. Kinsella obtained positive agglutinations and 
positive thread reactions with the sera of cases of subacute endocarditis and 
Wlassjewski agglutinated streptococci from cases 


their respective streptococci. 
Zelenski, however, claimed 


of puerperal fever by means of the patient’s serum. 
that nearly all normal human sera could with proper technic be shown to ag- 
glutinate most strains of streptococci. None of these reactions can in the 
present state of our knowledge be regarded as of diagnostic value or as throw- 
ing any light on the classification of streptococci or their relation to any par- 
ticular disease. 

Use of Vaccines in Preventing and Curing Streptococcus Infections —Von 
schring reported in 1892, in brief, results obtained by him in collaboration with 
Knorr concerning the possibility of active and passive immunization against the 
streptococcus. These authors found that rabbits immunized against a given 
strain of streptococcus were protected against that particular strain and also 
against apparently different strains as determined by the inadequate criteria then 
available. Streptococcus vaccines have not, however, been used to any consid- 
erable extent as a means of protection against streptococcus infection. As a 
preliminary to the possibility of passive immunization against streptococci active 
immunization has been carried out repeatedly and with success, although the 
degree of resistance in the immunized animal is often slight irrespective of the 
properties which the serum possesses. We shall refer later to the difficulty of 
immunizing small animals against the streptococcus for the production of an 
antistreptococcus serum and may here simply note the observation of Moore 
that arthritis in rabbits which can so readily be produced with various strains 
of the streptococcus may be prevented in about 80 per cent of cases by the 
previous inoculation of killed cultures of the microorganism. Coincident with 
the interest in the therapeutic use of bacterial vaccines inaugurated by Wright 
many attempts have been made to affect human streptococcus infections advan- 
tageously by this means. They have been for the most part of little demonstrated 
It may be shown indeed that in human streptococcus infections as for 
example scarlet fever (Weaver and Tunnicliff*?) and in infected rabbits 
(Weaver and Tunnicliff; and Simonds) that the tropic substances for the 
The results in the treatment of hu- 


value. 


streptococcus rise after vaccine injections. 
man disease, however, by the means of vaccines are for the most part discour- 
aging. They were found of no value by Boughton’? in recurrent erysipelas 
even when galactose-killed streptococci, which were supposedly more advyan- 
tageous were employed, and although the effect produced in erysipelas by these 
vaccines was at first regarded as favorable by Weaver and Tunnicliff they were 
later admitted to be of doubtful value by Weaver* himself. Weaver and Tun- 
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nicliff moreover obtained no significant results in treating complications of 
scarlet fever such as otitis media with streptococcus vaccines. Gabritschewsky 
suggested using streptococcus vaccine in scarlet fever and although he himself 
reports no definite results based on its use Langowoy who followed his sug- 
gestion apparently obtained some favorable effect in 154 cases. Davis" has re- 
ported a few cases of arthritis in which the vaccine apparently aided in a 
favorable outcome. Wright himself the arch supporter of vaccine therapy has 
quoted only a few cases of streptococcus septicemia treated by vaccines and 
these with very indifferent result. On the whole we must conclude that there is 
at present no conclusive evidence of the usefulness of vaccine therapy in strep- 
tococcus infections. 

Passive Immunization by Antisera in Streptococcus Infections.—There is 
very little evidence in human or animal pathology which would lead us to 
suppose that recovery from streptococcus infection leads to any considerable 
or durable degree of acquired immunity. The well known susceptibility of 
certain individuals to repeated postmortem streptococcus infections, the recur- 
rence of erysipelas and the like, all tend to evidence this fact. Von Lingelsheim 
has mentioned certain observations which tend to show the actual existence of 
acquired immunity in man. Neufeld failed to demonstrate protective sub- 
stances for mice in the serum of recovered human streptococcus cases. We 
have already stated, however, that von Behring showed that rabbits could be 
actively immunized against the streptococcus and that this protection was trans- 
ferable by means of the blood serum to other animals. It has also been sug- 
gested that Richet and Hericourt (1888) in demonstrating the first instance of 
passive transfer of immunity in dogs were dealing not with the staphylococcus 
as they imagined but with a streptococcus. Although these experiments of ac- 
tive immunization have been frequently repeated and very extensive studies have 
been made on the question of passive immunity by the serum of immunized 
animals much remains in doubt as to the best method of producing such a 
serum and its actual usefulness in combating streptococcus infection. Although 
large animals such as the horse and mule may be repeatedly injected with 
streptococci without great difficulty, much trouble has been experienced in 
immunizing small animals for the experimental study of this form of specific 
therapy. Among the most recent authors on this subject Hopkins and Parker 
have found that it is almost impossible to immunize rabbits by employing killed 
cultures of the streptococcus. Apparently the most successful method of im- 
munizing consists in the use of living cultures rather than killed cultures as 
emphasized first by Neufeld and later by Weil and Schenk. Neufeld by means 
of one injection of a relatively large amount of washed killed cultures of strep- 
tococci followed by a second injection of a living, virulent and also washed 
culture produced an immune serum that was more potent in protecting mice 
than the serum of horses that had been immunized over a long period of time. 
Weil found that often a single dose of living culture produced a protective anti- 
serum in rabbits whereas several doses of killed culture failed to do so. Similar 
results have been reported by Schenk who found that with doses of the strep- 
tococcus that eventually resulted fatally in rabbits, the serum of these animals 
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was strongly protective by passive transfer. Indeed the strength of the serum 
seemed to vary directly with the degree of infection. 

The greater part of the extensive studies on the curative value of anti- 
streptococcus sera have naturally been carried out with the serum obtained 
from large animals particularly from horses and a number of different methods 
particularly in respect to the strains of streptococcus used for immunization have 
been utilized with very different results and it must be confessed with consid- 
erable resulting confusion as to what may ultimately be the method of great- 
est value. The variation in methods has depended first of all on the continued 
discussion as to the unity or multiplicity of streptococci, a matter obviously of 
prime importance in deciding on the type of antigen to be employed if success- 
ful therapeutic results are to be expected. In general there have been four dif- 
ferent types of antistreptococcus serum produced varying in respect to the 
(1) a serum produced by means of a single strain of strep- 


antigen emploved: 
This constitutes 


tococcus or a group of strains derived from a given disease. 
a so-called monovalent serum. 

(2) A serum obtained by immunizing animals with varying numbers of 
different strains usually strains from different diseases. This constitutes a so- 
called polyvalent serum. 

(3) A serum produced by immunization with original strains recently de- 
rived from human pathogenic processes. 

(4) A serum obtained by immunizing animals with strains the virulence 
of which has been enhanced for animals (usually mice or rabbits) by means of 
repeated passage. 

Various combinations of these methods of immunization have been em- 
‘ach type of serum have varied 


ployed by different authors. Results with 
In few 


enormously dependent on the observer and the type of cases treated. 
instances has it been possible to find consistent and convincing results even in a 
definite group of streptococcus infections in the hands of several observers 
with any given serum. The results, however, both in animal experiments and 
in treatment of human disease have been sufficiently encouraging to justify 
every effort not only along the lines already laid down but in further perfecting 
the methods of immunization now in vogue. We may now discuss the experi- 
mental results on which these various methods of immunizing procedure have 
been founded. 

The earlier observers of transferred passive streptococcus immunity, von 
Behring and Marmorek, accepted and maintained the essential unity of strep- 
tococci or at least of the streptococci concerned in human disease processes 
and on this basis felt justified in using a monovalent serum prepared by means 
of a single strain. Marmorek to whom we owe the first extensive consideration 
of passive immunity by means of antistreptococcus serum proved to his satis- 
faction the unity of the streptococcus with which he was dealing by the ex- 
istence of certain given characteristics: First the inability of any one of the 
streptococci to grow in the filtered culture fluid in which another of his 
strains had been propagated; secondly, a constant hemolytic property in all 
his strains of streptococci; it is evident that he was dealing with the strains of 
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the hemolytic streptococcus only. Third, and most important in this con- 
nection, the fact that the antiserum to a single strain of streptococcus was able 
to protect animals experimentally against infection with any of the other 
strains of streptococcus. A monovalent streptococcus serum essentially similar 
in type to that employed by Marmorek but with minor variations in each par- 
ticular case has also been described by Aronson, by Zelenski, Menzer, Marxer 
and others. The belief of these authors in the essential unity of the streptococ- 
cus is based both on cross protection tests similar to those of Marmorek and 
agglutination of various strains of streptococcus other than the one used for 
immunization by the monovalent serum. 

Van de Velde who was first to utilize agglutination tests with streptococci 
came to the conclusion by this means that there were numerous different varie- 
ties of streptococcus and for that reason advocated the employment of numerous 
strains from various sources in producing an immune serum designed to affect 
various streptococcus diseases. Agglutination reactions, cross fixation tests 
and aborption tests (Simon) in the hands of another group of observers fol- 
lowing Van de Velde have likewise led to the conclusion that there are numer- 
Among these observers may be mentioned Tavel, 


ous varieties of streptococci. 
This conception of the multiplicity 


Moser and von Pirquet, Meyer and Simon.* 
of varieties of streptococcus is further complicated by the fact that certain ob- 
servers for example Moser and recently Rosenow'! have apparently proved 
variations in this microorganism by demonstrating a unity in the microorganisms 
derived from a given disease process. Moser and von Pirquet for instance 
found that the strains of streptococcus from scarlet fever reacted only with 
an antiserum obtained by immunizing with these strains, which serum had little 
effect on streptococci of other origin. Rosenow'! and Mathers and Howell 
claim specific immune reactions and protective value in the serum of animals 
immunized against strains of streptococcus from cases of anterior poliomyelitis 
which apparently has little or no effect on streptococci of other origin. We 
have then in ghese latter cases a number of strains used to produce a given im- 
mune serum but the immune serum itself regarded as monovalent in respect to 
the disease from which its strains were derived. 

The apparently directly contradictory results obtained by these two sets 
of observers, leading on the one hand to a belief in the essential unity of the 
streptococcus and on the other hand to its essential variety depend on technical 
variations and inaccuracies in the experimental methods pursued, and also and 
predominately to undoubted misunderstandings of the general nature of anti- 
genic function involved. The technical difficulties and variations in performing 
agglutination tests with streptococci have been admirably reviewed by Zelenski 
in his contribution to the subject. Von Lingelsheim also discusses the matter. 
We can not at this time undertake a discussion of these complicated and im- 
portant details but by passing to the second group of variations in the method 
of producing immune serum we may perhaps clarify the situation to some 
extent. 

Two distinct types of bacterial antigens apart from single or multiple 
strains have been employed in producing streptococcus immune serum. Mar- 
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morek, Aronson and others have utilized strains of streptococcus that have 
been raised to a point of maximum virulence by repeated passage through mice 
or rabbits for purposes of immunization. These are the so-called “passage” 
strains. Tavel, Moser, Besredka and another group have on the contrary 
utilized strains of streptococcus recently derived from human lesions for in- 
jection. The use of these two different types must be understood to be quite 
apart from the employment of single or multiple strains and the resulting serum 
has been conclusively shown to vary distinctly in accordance with the original spe- 
cies of antigen employed. The use of human original strains by Tavel (1900) 
and later by Moser was selected largely on empirical grounds for the pur- 
pose of retaining supposed human pathogenic properties, but it became subse- 
quently apparent that the choice was justifiable insofar as the anticipation of 
treating human disease. It appears from the work of Meyer, Simon,’ and 
Hazenknops and Salge that an antiserum to virulent passage strains is effective 
not only against the particular strains employed but against any other homologous 
animal passage strain, irrespective of what the human disease origin of it may 
have been. In other words these passage strains have become animal-virulent 
and their antigenic properties give rise to antiserum capable of neutralizing this 
virulence. They are, however, not effective, according to Simon in neutralizing 
the infection of the actual human strains from which they were derived. The 
reverse has been demonstrated by Hazenknops and Salge who showed that 
freshly isolated human strains are agglutinated by the antiserum of Moser ob- 
tained by immunizing with fresh human strains but that the same strains after 
becoming virulent through animal passage are not affected by this serum. The 
obvious conclusion then is that bacteria for immunizing against the streptococ- 
cus for human needs should be used which retain so far as possible the original 
human pathogenic qualities, and which will therefore give rise to antibodies 
capable of neutralizing these properties. The difficulty as Simon has pointed 
out in attaining this goal rests in the fact that the original human strains are 
not very virulent for animals and according to this conception may not give rise 
to a good antibody production. It becomes evident that careful analysis of the 
existent methods is indicated, and that further experimentation is necessary to 
unravel further the complex question of antigenic properties if the ultimate 
solution of passive immunity to streptococcus infections is to be solved. 

The mode of action of antistreptococcus serum in the cases where it is suc- 
cessful seems very definitely understood and generally agreed to. The fun- 
damental observations of Denys and LeClet and of Bordet showed that anti- 
streptococcus serum protected animals from streptococcus infection by so af- 
fecting bacteria that they were readily taken up and destroyed by white blood 
corpuscles. ‘The importance of this indirect method of phagocytosis was fur- 
ther brought into prominence by the work of Wright on opsonins and the 
work of Neufeld and Rimpau on tropins. That streptococcus protection either 
in the normal or immunized animal is due to a dual mechanism of this sort, 
tropin and leucocyte, is generally accepted by all workers on that subject as for 
example by von Lingelsheim, Weaver* and Ruediger.? Another method of pro- 


ducing an immune substance for passage transfer and utilizing the tropic powers 
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i of antistreptococcus serum to better advantage has been suggested by Caulfield 

F who would use the pleural exudate of streptococcus immune animals for treat- 

ment rather than their serum. ‘There is no evidence that the ordinary strep- 

tococcus serum includes an antihemolysin although the observation of Breton 
‘ would indicate that its production is possible. 

The usual method of testing the potency of antistreptococcus serum has been 

to employ mice or rabbits which are given the test culture dose with the serum 


administered either previously or simultaneously. It has little effect if ad- 
ministered any considerable period of time after the infecting dose of strep- 
\ tococcus. It may be possible when the proper antigenic preparation has been 
devised that some other method may be necessary. 
At all events the ultimate object of antistreptococcus serum is to cure human 
or animal diseases due to this microorganism. Concerning this point the re- 
sults are even more confusing and doubtful than those outlined in explaning the 
mechanism of streptococcus protection. It seems fairly definite that no  strik- 
ing results have been obtained in the majority of human streptococcus infec- 
tions as for example in erysipelas, puerperal fever, rheumatic fever, arthritis 
and the like, by the use of antistreptococcus serum. We need not at this time 
attempt to summarize the results in any detail but it may suffice to state that the 
majority of observers record the curative value of antistreptococcus serum as 
negative or extremely doubtful. (See for example Besredka, Schwoner, 
Weaver,! Meyer). There are, however, at least two instances in which results 
have been claimed that are either markedly specific or at all events extremely 
In both instances the results have been obtained 


encouraging and suggestive. 
Moser’s results 


by methods utilizing the more modern form of immunization. 
in scarlet fever cases form the basis of his figures which were carefully con- 
trolled by an untreated series of cases and must be regarded as extremely good. 
The treatment of poliomyelitis by Rosenow™ and by Willy and Nuzum obtained 
with a serum directed against poliomyelitis strains is also extremely encouraging. 
IeCount and Jackson have apparently seen good results in preventing acute 


streptococcus nephritis in rabbits by use of specific serum. 


CHEMOTITERAPY IN STREPTOCOCCUS INFECTIONS 


In conclusion we may mention the attempts that have been made to affect 
streptococcus infections by chemotherapeutic means. In this connection the 
work of Churchman on the bacteriostatic action of dyes of the pararosanalin 
series particularly of gentian violet, on nearly all Gram-positive bacteria is of 
interest. Localized joint infections particularly gonorrheal in origin have been 
treated by lavage with gentian violet with some success by Churchman.” In 
our opinion, based on some unpublished work with the typhoid carrier condition 
in rabbits little is to be hoped from dyes of this category in more systemic or 
remote infections in the animal body. Although the pararosanalin series of 
t dyes are highly bactericidal in vitro not only for Gram-positive but also for 
Gram-negative organisms like B. typhosus in the test tube, they are apparently 
be Without appreciable action when injected directly into the circulation of ex- 
perimental animals. In addition to being very toxic in fairly dilute solutions 
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they become rapidly converted to leucobases in which form they are apparently 
inactive for bacteria. 
In this connection should be mentioned the work of Hoffman, McClure and 


. 


the growths of streptococci in a dilution of 1 to 10,000 in vitro but is without 


Sauer who found that dahlia, a mixture of methyl-violet and fuchsin, will retard 


effect in checking streptococcus infections in the animal body. Its action indeed 
was positively harmful. 

Allison has tried several arsenic compounds, salvarsan, arsenol, and ar- 
senobenzol, on experimental streptococcus infections in rabbits. When these 
substances are injected before the microorganisms are localized in remote tissues 
they seem to have a beneficial effect. They are said by the author to have been 


tried with some success also in human beings. 
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STUDY OF THE LEUCOCYTES IN AN EPIDEMIC OF INFLUENZA 


By Roy P. Forses, Carr. M.R.C., ann A. Snyper, A.N.C. 


URING the month of April, 1918, a highly contagious, but comparatively 
mild infection of the respiratory tract was epidemic at Camp Hancock. 
Several thousand men in the command were infected, but relatively few were 
ill enough to be sent to the Base Hospital. The only fatal case occurred early in 
the epidemic, and it was the observations made in this case which prompted the 
further study of the blood picture. 

Report of case: Sergeant G. L. P. was admitted to the Base Hospital on 
April 7, 1918, complaining of a cough of four days’ duration and severe head- 
ache. The positive physical findings included only severe conjunctivitis and a 
few rales at the left base. The temperature on admission was 101, pulse 4, 
respirations 22. The day following admission signs of pulmonary consolidation 
were found. The respirations had increased to 40. The leucocyte count was 
4300. A blood culture was taken on April 9, which showed in twenty-four 
hours a heavy growth of small nonmotile, gram-negative, bacilli,-B influenzae. 
The leucocyte counts made on this date at five hour intervals were respectively 
3400, 2200, and 2300. A second blood culture taken on April 10 also showed a 
pure cuiture of the same organism. ‘The leucocyte count had risen to 5600. 
Delirium and prostration were marked and death ensued on April 11. At 
necropsy a confluent bronchopneumonia was found. Both lungs were quite 
heavy and almost completely infiltrated. There was no pleural effusion and the 
other viscera showed nothing remarkable. B. influenzae was recovered from 
cultures taken from the lung and spleen. One-half cubic centimeter of a 
twenty-four hour culture of the organism injected into the peritoneum of a 
young rat failed to cause death. 

Early in the epidemic it was noted that leucopenia or at least absence of 
hyperleucocytosis, was a constant factor, and the leucocyte count was frequently 
of aid in differential diagnosis. However, the clinical picture of the disease 
usually made diagnosis easy: Nearly every patient gave as the initial symptoms 
backache, headache and slight cough or sore throat. Conjunctivitis and a marked 
injection of the soft palate was noted in 90 per cent of the cases. In addition, 
a slight or moderate general adenopathy was often noted. The face was flushed 
and in a few cases the skin of the thorax presented a mild erythema. In three 
cases a provisional diagnosis of scarlet fever was made until the blood count 
showed a leucopenia. Another case diagnosed influenza, showing a leucocytosis 
of 18,000, was isolated and promptly developed a typical scarlet rash. 

Positive bacterial findings are necessary in establishing the diagnosis of 
influenza. Nasopharynx cultures on plates showed a very small, gram-nega- 
tive bacillus, morphologically B. influenzae in seventeen of thirty-three cases, 
but the identity of the organisms was unfortunately not established by sub- 
cultures. In ten cases in which sputum examinations were made, B. influenzae 
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was found in only four, Streptococci were present in six. Blood cultures on 
twenty consecutive nonfatal cases, only one of which was complicated by 
bronchopneumonia, were all negative. No conclusions can be drawn from our 
bacteriological findings. In this connection it is interesting to note that Moody 
and Capps! found influenza bacilli in only two out of thirty-one cases studied. 
These workers found that a streptococcus was the most constant organism in 
the 1916 epidemic. Mathers* working in the same epidemic, found influenza 
bacilli in only one of sixty-one cases. He concluded that the hemolytic strep- 
tococcus was the causative organism in the epidemic. The literature contains 
very little data concerning the leucocytes in influenza. Simon states that absence 
of hyperleucocytosis, together with relative lymphocytosis, are essential features 
of the disease. In Cabot’s series of three hundred and nine cases, he found 
the leucocytes over 10,000 in one hundred and _ thirty-five cases, or about 42 
per cent of the series. In our series the leucocytes exceeded 10,000 in only 22 


per cent of the cases and never exceeded 15,000. 


Taste | 
. Total number of cases with one or more leucocyte counts above 10,000.... 11 


. Average differential count on 16 cases 
a. Ist to 3rd day: 


1 

3. Total number of cases with one or more leucocyte counts below 5,000.... 13 
4 

5 


Total large and small mononuclears and transitionals............ 40.72 
b. 4th to 6th dav: 
Total large and small mononuclears and transitionals............ 41.72 
Tasie I] 
SuMMARY OF 202 CouNTs 1N 50 CASES 
NU MBER OF CASES NU MBER OF CASES AVERAGE OF 
DAY OF DISEASE WITH LEUCOCYTES WITH LEUCOCYTES LEUCOCYTE 
ABOVE 5,000 ABOVE 10,000 COUNTS 
l 6 1 6,166 
2 1 2 5.378 
3 2 2 7,522 
4 2 4 8,158 
5 0 2 8,059 
6 2* 4 7.885 


*Both of these cases had a complicating bronchopnevmonia. 
COM MENT 


Some of the cases were not under observation on the first or second day 
of the disease and some were discharged before the sixth day, so that six con- 
secutive leucocyte counts were not always obtainable. However, the averages 
of two hundred and two counts are considered to be fair estimates. In a few 
cases not here recorded in which differential counts were made from ten days 
to three weeks after the illness the relative lymphocytosis had not entirely disap- 
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peared. Apparently a complicating bronchopneumonia decreases rather than 
increases the lymphocytes, because the lowest counts were noted in the two cases 
which developed pneumonia. ‘There was a considerable variation in the degree 
Ten of the thirty-two preparations gave a total mononuclear 


ot lymphocytosis. 
The increase in the mononuclear elements was nearly 


count above 50 per cent. 
all confined to the lymphocytes. 
CONCLUSIONS 
1. Absence of hyperleucocytosis or actual leucopenia, and relative lympho- 
cytosis are characteristic of influenza. 
2. The leucocyte count may be of value in the early diagnosis of influenza 
and for differentiating it from a beginning scarlet rash. 
3. Influenza bacilli are not found in the blood stream in the ordinary, mild 
cases, but may be found in a very severe or fatal case. 
BIBLIOGRAPHY 
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LABORATORY METHODS 


INTRODUCTORY EXERCISES IN EXPERIMENTAL PATHOLOGY 
by H. Manwarinc, M.D., STaANForD UNIversity, 


HE required second-year course in General Pathology in Stanford University 


Medical School is divided into two parts. The first part, “General Path- 
ology A,” extends throughout a university term of eleven weeks, and covers the 
ground of circulatory disturbances, degenerations, pigmentations, acute inflam- 
mations and regenerations. ‘This part is given by the Department of Bacteriology 
and Experimental Pathology, of Leland Stantord Junior University, at Stanford 
University, Cal. 

The second part, “General Pathology B,” covers the ground of infectious 
granulomata and tumors, and is given by the Division of Pathology (Doctor 
Ophils), of Stanford Medical School at San Francisco. The second-year course 
in General Pathology is succeeded by a course in Special Pathology, given by 
Doctor Ophuls, and extending throughout the third medical year. 

The introductory course, “General Pathology A,” is given from the experi- 
mental point of view. The course consists largely of aseptic operations on ani- 
mals, with a gross and microscopic study of the experimental material thus 
obtained. ‘The operative material is supplemented by material from human 
autopsies illustrating the same changes. 

A weekly program of General Pathology A is given in Schedule I. A de- 
tailed outline of the experimental part of the course is given in Schedule II. 
The scheduled student operations are supplemented by class demonstrations il- 
lustrating more difficult processes. 


ScHEDULE I. WEEKLY ProGRAM. GENERAL PATHOLOGY A 


Lecture Monday, Wednesday and Friday, 8 o'clock, Pathologic-histologic Labora- 


tory Monday, Wednesday and Friday, 9 to 11.............cccsscccsccseedeces 6 units 

Aseptic surgical operations, Tuesday, Thursday and Friday, 8 to 11.............. 2 units 

Ist week—Wed.: Scope of General Pathology. Thurs.: Histologic Techiiic, 


Aseptic Surgical Technic. Fri.: Operations. 

2nd week—Mon.: Congestion, Stasis. Wed., Fri.: Cohnheim’s Frog Experi- 
ment, Simple I[nflammations, Exudates (begun). Tues., Thurs.: 
Operations. 

3rd week—Mon.: Hemorrhage. Wed.: Thrombosis. Tues., Thurs., Fri.: 
Operations, Autopsies. 

4th week—Mon.: Embolism. Wed.: Local Anemias, Infarcts. Tues., Thurs., 
Fri.: Operations, Autopsies. 

5th week—Mon.: Necrosis. Wed.: Atrophy. Tues., Thurs., Fri.: Opera- 

tions, Autopsies. 
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6th week—Mon.: Disturbances of Protein Metabolism. Wed.: Hyaline, Amy- 
loid. Fri.: Disturbances of Fat Metabolism, Fat Necrosis. Tues., 
Thurs.: Operations, Autopsies. 

7th week—Mon.: Disturbances of Carbohydrate and Mineral Metabolism Cal- 
cification. Wed.: Disturbances of Pigment Metabolism, Hema- 
togenous Pigmentation. Fri.: Icterus, Exogenous Pigments, Non- 
pigmented Waste Products. Tues., Thurs.: Operations, Autopsies. 

8th week—Mon.: Concretions, Obstructions, Retentions, Cysts. Wed.: Edema, 


Transudates.  Fri.: Acute Inflammations (continued).  Tues., 
Thurs.: Operations, Autopsies. 

9th week—Mon.: Experimental Tuberculosis. Wed.: Organizations, Regen- 
erations, Wound Healing, Transplantations. Fri.: Physiologic 
Compensations, Hypertrophy. Tues., Thurs.: Autopsies. 

10th week—Mon., Tues., Wed., Thurs., and Fri.: Practical Examination. (Iden- 


tification of unknowns, special technic.) 
lith week—Wrritten examination. 


ScHepuce Il. Aseptic SurcicAL Operations. GENERAL PATHOLOGY A 
Tuesday, Thursday (Friday), 8 to 11 o’clock..... ..2 units 


The following operations are to be performed by each double surgical group of eight 
Unsuccessful operations are to be repeated during the optional operative period 
The operations are to be made with strictest aseptic and antiseptic precautions, 
The animals are to be kept in specially heated 


students. 
(Friday). 
under eiher or morphine-ether anesthesia. 
rooms for at least 48 hours after the operations. 

In the routine autopsy, the animal is first exsanguinated from the carotids, under 
chloroform or ether anesthesia, care being taken not to cut the trachea. In all cases 
examination is to be made of both abdominal and thoracic viscera. The accessory 


an 
Smears 


findings are often more important than the specific lesion under consideration. 
are to be made from all exudates and transudates. Bacteriologic and histologic examina- 
tions as directed. 


1st Week 


Fripay.—l. Ligate left renal vein, 2 rabbits. Aspirate sample of urine and remove 
both kidneys of each animal 2 hours later, ligating remaining blood vessels and ureters to 
Preserve excised organs in Kaiserlinz’s solution. After harden- 


prevent escape of blood. 
Study histo- 


ing, split each organ lengthwise. Make colored sketch of the cut surfaces. 
logic material from previous operations. 


ond Week 


Turspay.—2. Ligate left renal artery, 4 rabbits. Autopsies 4, 12, 30, and 60 days later. 

Tuurspay.—3. Inject 10 cc. 5% aleuronat (in 2% starch paste) into right pleural 
cavity, 2 rabbits. Exsanguinate 18 to 24 hours later, open abdomen, aspirate pleural fluid 
through diaphragm. Make numerous smears, test coagulability of one sample, examine 
one sample in unstained condition subsequently running dilute methylene blue (1:4 in NaCl 
solution) under the cover glass. Add to one sample an equal volume of a strong suspen- 
sion of S. pneumonia, incubate the mixture, make smears at the end of 15, 30, and 60 
minutes (Gram’s stain). 

4. Ligate branch, left renal artery, 4 rabbits. Make 
Autopsies with additional sketches 4, 12, 30, and 60 days later. 


sketches showing immediate 


physiologic reactions. 
ard Week 


Isolate samples of circulating blood between carefully tied ligatures, 


Tvuespay.—5. 
Incise samples 1 hour later. 


jugular vein, 2 rabbits, crushing one sample between forceps. 


Save animals for Exp. 6. 

6. Inject 20 c.c. defibrinated blood (filter through glass wool), peritoneal cavity, rabbit; 
10 c.c. freshly drawn uncoagulated blood, pleural cavity, rabbit. Autopsy 2 days later. 
7. Isolate portion of jugular vein between clamps, 2 dogs. Aspirate blood through 


a ligated collateral, wash out isolated portion with distilled water, inject 2 per cent AgNO, 


ty 
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and immediately wash out with NaCl solution, ligate puncture wound, release clamps. 
Autopsies 1 and 2 days later. 


Tuurspay.—&. Ligate left ureter, rabbit. cat, puppy. Autopsies 4 to 6 weeks later. 
9. Nephrectomy, 2 adult dogs. Weigh and measure excised organs, preserve in 
Kaiserling’s solution. Heavy meat diet. Autopsies 6 to 8 weeks later. 


qth "eck 


Turspay.—l0. Ligate adjacent branches, mesenteric artery; elastic ligature about 
loop of intestine ; experimental intussusception; 2 dogs. Autopsy 2 to 3 days later. 

11. Ligate large branch of renal artery, 2 dogs. Autopsies 1 week and 4 to 6 weeks 
later. 

12. Ligate vena cava, immediately below liver, 2 rabbits. Autopsies 4 to 6 weeks 
later. 

Tuurspay.—1l3. End-to-end anastomosis, intestine, 2 cats. Autopsies 1 to 2 weeks 
and 4 to 8 weeks later. 


14. Lateral anastomosis, intestine, 2 


dogs. Autopsies 1 week and 4 to 6 weeks later. 


sth Week 


Tuespay.—15. Experimental fracture, ribs, 2 rabbits. Autopsies 2 weeks and 4 to 6 
weeks later. 

16. Bone transplantation, femur, 2 dogs. Autopsies 2 and 4 to 6 weeks later. 

Tuvurspay.—1l7. Ligate common bile duct, 2 dogs. Autopsies 10 to 12 days later. 
Examine urine, feces. 

18. Heat injury, femur, 2 rabbits. Autopsies 4 to 6 weeks later. 


6th “eck 


Tueurspay.—19. Inject 2 small rabbits intravenously, at 2 to 3 day intervals, 3 to 5 
doses, 5 c.c. 10 per cent India ink (in NaCl selution). Autopsy 3 days after final dose. 

20. Introduce rubber cylinder 1 cm.x4 mm. in diameter, into large bronchus, 2 
dozs. Autopsy 2 to 3 weeks later. 


7th Week 


Tueurspay.—2l. Three per cent AgNO, injury, intestine, liver, 2 cats. Autopsies 1 
and 2 weeks later. 

22. Temporary ligature, renal artery, 4 rabbits. Remove ligatures at end of 2 hours, 
ndting immediate physiologic reactions. Autopsies 1, 2, 4, and 10 days later. 


8th Week 


Tuespay.—23. 0.1 c.c. 24 hr. broth S. aureus, intravenously, 2 rabbits; 1 c.c. 24 hr. 
broth S. aureus, intrapleurally, 2 rabbits; 1 c.c. 24 hr. broth S. aureus subcutaneously, 2 
rabbits. Autopsies 2 to 4 days later. 

24. Introduce 10 to 20 cc. 24 hr. broth S. preumoniea, by intrabronchial insu'flation, 
into pulmonary alveoli, 2 dogs. Autopsies, with bacteriologic study; 1 to 4 days later. 


oth Week 


25. Tuberculosis injections, guinea pigs, rabbits, dogs, 2nd to 5th week. Autopsies 
9th week. 


SUPPLEMENTARY OPERATIONS 


During the latter half of the term an opportunity is given each surgical group to do 
two or more voluntary operations. The following are among the operations recommended: 

1. End-to-side anastomosis, ureter, 2 dogs. Autopsies 2 and 4 weeks later. 

2. End-to-end anastomosis, jugular vein, 2 dogs. Autopsies 24 hours and 2 weeks 
later. 

3. Hemisection, spinal cord, 2 dogs. Autopsies 1 and 2 weeks later. 

4. Excise portion of cerebral cortex, 2 dogs. Autopsies 1 and 2 weeks later. 
5. End-to-end anastomosis, sciatic nerve, 2 dogs. Autopsies 2 and 4 weeks later. 
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6. Experimental fracture, humerus, 2 dogs. Use steel bone plate. Autopsies 2 and 
4 weeks later. 

7. Ligation of pancreatic duct, 2 dogs. Autopsies 2 and 4 weeks later. 

8. Experimental pyloric stenosis with gastroenterostomy, 2 dogs. Autopsies 2 and 
4 weeks later. 

9. Bilateral adrenalectomy, 1 dog; bilateral adrenalectomy with transplantation of 
excised adrenals into kidney, 1 dog. Autopsy of living animal 2 to 4 weeks later. 

10. Eck fistula, 2 young dogs. Autopsies 2 to 4+ weeks later. 

I'he equipment for the experimental work consists of a series of small 
operating rooms, with adjacent autopsy room, sterilizing room, preparation room, 
animal rooms, dog kennels, etc. The cost of the experimental work is about $10 
a student, the students working in groups of four. 
subgroups of two for operations on smaller animals. 
an extra fee for the experimental work, sufficient to cover half the cost of 


The groups are divided into 
It is our custom to charge 


animals, feed, and other materials used. 

The experimental course has been favorably received by our medical stu- 
dents. The course gives a more vivid conception of elementary pathologic proc- 
esses than that obtained from the usual introductory study of human autopsy 
material. It is our plan to expand the course next vear to include certain intro- 
ductory exercises in pathologic physiology. 

No objection to this work has been made by local anti-vivisectionists.* In 
fact, one gains the impression that the general introduction of such operative 
courses in our medical schools would be an efficient way to meet the present 
anti-vivisection movement. 


*See this JourNAL, 1917, ii, 573. 
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EDITORIALS 


Pulmonary Tuberculosis 


HROUGH the centuries the bacillus of tuberculosis has established a mode 

of access to and egress from the human lungs. 

From the species point ot view—the desire for a “place in the sun”— 
the tubercle bacillus must found new colonies from which again it can pre- 
pare new campaigns. 

This bacillus, as Theobald Smith points out, is “tuned up” for the adult 
lung and in consequence it is in adult life that we see best the achievements 
of its militarism! Destruction of the colonized host would seem an accident 
in the life history of this parasite, the bacillus desiring domination by its 
“kultur’” and not death. 

Light is being shed on the manner in which the aims of the tubercle 
bacillus are achieved. 

The average death rate today from pulmonary tuberculosis is approaching 
fifty years and as many are victims between sixty-five and seventy-five years 


as between twenty and twenty-five years. 
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Dating from childhood infection it would then appear that the bacilli 
may operate at times for fiftv vears before the host is destroved. 

Opie’ has indicated that the lungs of almost every adult contain foci of 
tubercle which are characteristic of the infection of childhood. These focal 
infections originate usually between the ages of ten and eighteen, and in 
adults are almost always found to be calcified and healed. Between eighteen 
and thirty some 85 per cent of autopsies have revealed focal tubercle. 

It is argued that apical tuberculosis and fatal pulmonary tuberculosis are 
common in later life when focal childhood infections are considered healed. 

Autopsy studies are related to show that the incidence of encapsulated 
and of healed lesions in the apices increases with increasing age but that 
there is no similar increase of active tuberculosis. 

The situation is compared by Opie to that of the early guinea pig experi- 
ments of Koch in which lymph nodes adjacent to the site of a second inocula- 
tion of a tuberculous animal are found to be free from caseation. 

Many of the apical lesions are found to be fresh and caseous but the 
regional lymph nodes are not caseated. 

Additional support is given by reference to the lesions in monkeys and 
in miliary tuberculosis when caseation of Ivmph nodes is found similar to 
those adjacent to the site of Koch’s initial injection of bacilli, but no early 
healed infection is discovered. 

Focal lesions of childhood also can be found in one lung whereas the 
apical lesion may be in the opposite lung. 

Opie suggests that such a relationship affords no support to the view 
that tuberculous lesions may be transmitted to the apex by the lymphatics. 
His arguments and demonstrations suggest that the apical and fatal forms of 
tuberculosis of the adult may possibly be a secondary infection from without. 
They fail to reveal, however, why these infections should almost invariably be 
apical. The clinical and pathologic teachings current today are exceedingly 
well presented in an article by Bushnell.* 

From a hilus infection, the origin of which is not discussed, the tuber- 
cle bacillus is described as travelling by the peribronchial lymph spaces, in a 
direction opposite to that of the normal lymph flow, to a region in the up- 
per lobes where the lymph motion is most sluggish. 

As Opie grants it is conceivable that such progress might be aided by 
a reversal of the lymph current and such a reversal might very well occur as 
a result of a block at the hilus. 

The tubercle bacillus travelling by these spaces to the parenchyma is 
resisted by the tissue cells and the type of peribronchial tuberculosis results. 
Caseation through the bronchus may occur although peribronchial tubercu- 
losis is more often of the “closed” type as is evidenced clinically by the less 
frequent finding of the bacilli in the sputum and the rarer occurrence of hemor- 
rhage in such cases (Heise and Sampson*). 

Having reached the alveoli either encapsulation, caseation or cavity for- 


mation may proceed. By the latter the bacilli have achieved par excellence 
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their destiny as now by myriads they may be expectorated and thence find new 
colonies. 

Occasionally we observe an aberrant method of escape from the chest. 
Tuberculosis of the sternum and of the ribs has in recent vears been traced to 
prior pleural or mediastinum sources ( Robinson’ ). 

Another example of bacteria using the lymph channels to reach the periph- 
ery is pictured in the report of MeCallum® on the pathology of broncho- 
pneumonia. It is demonstrated that the streptococcus hemolyticus reaches 
the pleura by the lymph spaces in the walls of the bronchi, blood vessels and 
septa. 

With or possibly without the formation of peribronchial tubercles it is 
conceivable then that tubercle baciili can reach the subpleural lymph trunks 
or network, and latent bacilli in this region could originate the tuberculous 
pleurisies. 

It is not uncommon, as depicted so beautifully by Letulle® to find on 
microscopic examination subpleural lines of tubercle. 

Letulle’s exquisite plates also show well the spread of the peribronchial 
tubercles to the parenchyma and also to the interior of the bronchus by destruc- 
tion of the wall. 

The analogy with the streptococcus hemolyticus, the careful study of 
pathologic specimens, combined with the knowledge ga'ned by x-ray inter- 
pretations, suggest therefore that the conception of pulmonary tuberculosis 
so well presented by Bushnell will probably prove correct. More minute 
pathologic study may trace the fatal apical tuberculosis of adults to the focal 
infections of childhood. 
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SLetulle: Tuberculose Pleuro-pulmonaire, Paris, 1916. 


—G. B. W. 


Cigarette Smokers and Pulmonary Tuberculosis 


T was observed during the examination of certain military commands for 
tuberculosis that some 30 per cent of the men discharged on account of this 
disease were men who did not inhale tobacco smoke. Among those who inhaled 
the smoke from cigarettes and who had no disease Webb! recorded evidences 
of indeterminate or sibilant rales suggestive of bronchitis. 
Krause* in an interesting discussion of this paper dwells on the question of 
tissue irritation and reaction and its relation to infection. He suggests that an 
area of inflammation is probably not a locus minoris resistentiae but rather a 


Webb, G. B.: Mil. Surgeon, April, 1918. 
*Krause, A. K.: Am. Rev. Tuberculosis, April, 1918. 
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point of heightened resistance to fresh infection. A tissue in a state of re- 


action like a varicose ulcer is not usually the seat for an erysipelas, but rather 


a skin in normal condition would appear more vulnerable. 
here is, however, an additional immunological principle to be considered 


and that is the matter of lymph flow and stasis. 

Lymph stasis favors as we know the deposit of tubercle. 

In the examinations above referred to it was noted that more moisture 
could be detected in the normal chests of those who were excessive cigarette 


smokers (fifteen to forty cigarettes a day) than in the moderate inhalers. 


Webb pointed out the presence at times of coarse mucous rales in the lungs 


of excessive inhalers, and also the quiet vesicular breathing, a further evidence 


of wet bronchi. 
It is suggestive therefore that through the slight persistent irritation of 


the inhalation of cigarette smoke a slight tissue inflammation and reaction is 


set up and an increased lymph flow is stimulated. 

We are today considering the probability that tubercle spreads from 
along the peribronchial lymph channels to reach the 
account of the sluggish lymph movement in the apices 


the hilus through and 


periphery, and that on 
here are found the classical processes. 
It is quite logical to consider therefore that the above discussed processes 


of tissue irritation and increased lymph flow might aid in resisting the projects 


of the tubercle bacillus. 
Could such a thought be considered a therapeutic “lead” what a_pros- 


pective joyful type of treatment to many! 
That so marked a proportion of those with pulmonary tuberculosis exists 


among the soldiers who do not inhale tobacco smoke these days, suggests as 


Osler remarked in another connection “Is there something wrong with the 


blastoderm ?” 
©. M. Gilbert’s observation that cigar and pipe smokers would appear to 
suffer more from the absorption of nicotine than do the cigarette devotees, 
It might 


must also be kept in mind when considering the effects of tobacco. 
be shown that such absorption could lend aid to the development of tubercle, 
and it will require much study and many figures to determine such a question. 


—G. B. W. 


ERRATA 


In the article “Tolerance and Immunity,” by John L. Marchand, M.D., 
Prinsapolka, Nicaragua, C. A., in the July, 1918, issue of the JouRNAL, read as 


follows: 
Page 585, first word, second line, read staphylococci instead of streptococci. 


Page 589, ninth word, twelfth line, read staphyloprotein instead of strepto- 


protein. 
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The Last Word in Physiology and Biochemistry 


PHYSIOLOGY AND BIOCHEMISTRY 
IN MODERN MEDICINE 


By J. J. R. MACLEOD, M.B., Professor of Physiology in the University of Toronto; 
formerly Professor of Physiology in the Western Reserve University, Cleveland, 


Assisted by Roy G. Pearce, Bui., M.D., Director of the Cardio-Respiratory Laboratory 


ot Lakeside Hospital, Cleveland: and by others. 
1000 pages, 6x9. profusely illustrated with halftones. line drawings, charts, and color 


plates. Priee, silk cloth binding, $7.50. 


An Authoritative Book, Written Alon} New Lines 
This new and authoritative work is sure to fill a very vaeant place in med- 
ical literature. It is unique in many ways and is written along new lines. 
It presents in as compact a form as possible the principles of physiologs 
and biochemistry so far as they are likely to interest and be of practical 
use to the clinical investigator and general practitioner of medicine. The 
author is one of the best known physiologists in America. He was formeriy 
professor of physiology in the Western Reserve University, and has only 
recently been appointed to the chair of Physiology in the University of 
Toronto. Dr. Roy G. Pearee and other well known authorities have con- 


tributed to this work. 


ice 7 For Physiologists and Practitioners 


corpuscie The first few chapters are devoted to a dis 


cussion of the physicochemieal principles that 
determine the passage of fluids through 
membranes, the hydrogen-ion concentration 
of body fluids, colloids, action of enzymes or 
ferments, ete. The various systems are thei 
deseribed. Considerable space is devoted to 


~ SB the cireulation and respiration. The nervous 

system is taken up entirely from the fun 

- | a tional standpoint, and the textbook tradition 

¢ _/  Renal-portet vein of deseribing the course of the various tracts, 
18 broken away from. Digestion has re- 
m, showing one of the many ceived considerable space. Under metab. 
a olism, the energy and material balances of 


the body, the history of proteins, fats, and carbohydrates in the animal 
body, the physiology of ductless glands or endocrin organs, nutrition and 
growth, metabolism of the purine bodies, creatin and creatinin, ete., are 
diseussed. Renal function is considered in the light of the modern elinical 
tests. The illustrations are numerous and have been selected with the 
greatest of care. 


C.V. MOSBY COMPANY —Medical Publishers,—St. Louis 
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Physical Conditioning 


itiative to follow general | 
advice regarding exercises, 
dietary, and personal hygi- 
ene. Physicians acquainted 
with my work are con- 
stantly referring these | 
cases to me for physical | | 
and mental “conditioning.” 


A woman can often in- | 
spire her sex to be and to |! 
do and hold her to this in- ||| |g 
spiration by regular corre- |)" 
spondence as men cannot. \_& 


Every pupil’s requirements are studied individ 
ually, and each is directed according to her 
needs and her strength. 

This cooperative work with the medical pro- 
fession is giving results highly gratifying to both 
physicians and patients. 

I shall be glad to assist you with patients 
who need conditioning through exercise, diet, 
breathing, correct poise, reduction of flesh, or 
building of flesh. 


Susanna Cocrott 
624 Michigan Boulevard, CHICAGO 


Dr. H. 8. Shoulders OF 
= 


For Experimental Purposes. Select- 
ed stock. Quality and prompt serv- 
ice. We guarantee safe delivery 
to your express office. 


May we quote you? 


CAVY SALES COMPANY 


{ GUINEA PIGS } | 


{New Catalogue 


Now Ready 


The C. V. Mosby Company, 801-809 Met- 
ropolitan Bldg., St. Louis, U. S. A., wishes 
to announce to its many friends and patrons 
in the professions, that their new 8&-page, 
profusely illustrated, catalogue is now ready 
| for distribution. To keep abreast with the 


latest in medical, nursing, and dental litera- 


ture, you should send for a copy today. 


Physicians Clinical 
Laboratories 


Whitney Building, 133 Geary St., 
SAN FRANCISCO, CAL. 
Telephone, Sutter 6558 


Bacteriologic Studies 
Chemistry of the Blood 
Complement Fixation Tests 
Autogenous Vaccines 

These laboratories are equipped to 

- meet every requirement otf the latest 

| laboratory diagnostic aids with the 

7 most precise of instruments, reagents 


of the highest purity, with qualified 
experts in charge. 


State Agents for Diarsenol 
and Neodiarsenol 


RIDGETOP, TENNESSEE 
19 Miles North of Nashville, Henderson Division of L. & N. Ry. 


FOR 
TUBERCULOSIS 
In Any Form 
STAFF 


Dr. Wm. Litterer 


I OCATION IDEAL, elevation, 1,000 feet, buildings modern; hot and cold running 

~ water; lighted with gas: perfect sewerage and excellent water supply. The Sani- 
tarium operates its own dairy and truck farms. Tuberculins and vaccines administered 
in suitable cases. Rates very reasonable. 


X-Ray Diagnosis. Heliotherapy Modifie 1 After Method of Rollier. 


Dr. W. A. Bryan 
Dr. O. N. Bryan 


HANDSOME ILLUSTRATED BOOKLET SENT ON APPLICATION 


Dr. G. C. Savage 
Dr. J. M. King 
Dr. W. W. Winters 


THE WATAUGA SANITARIUM 


Dr. C. A. ROBERTSON, Medical Director 


RIDGETOP, TENN. 


| 
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The Punton Sanitarium 


KANSAS CITY, MISSOURI 
A Private Home Sani- 


tarium for Nervous and 


Mild Mental Diseases 


— 
ic — 


G. WILSE ROBINSON, M.D. 


Superintendent 


EDGAR F. DeVILBISS, M.D. 


Assistant Superintendent 


JAMES W. OUSLEY, M.D. 


Gastro-Enterologist 


— —— — 


SANITARIUM, 3001 The Paseo 
OFFICE, 937 The Rialto Building 


FOR INFORMATION COMMUNICATE 
WITH THE SUPERINTENDENT 


| BOTH PHONES KANSAS CITY, MISSOURI | 


CENTRIFUGE SERVICE | 


In every laboratory, be it in private prac- 
tice or the clinical laboratory, the uninter- 
rupted service of an efficient centrifuge 
is appreciated. 

VICTOR ELECTRIC CENTRIFUGES 
represent many years’ experience in the 


manufacture of electro-medical apparatus, 
and are universally recognized for their 


— 


High Efficiency, Practical 
Design and Durability | 


Thousands of users can vouch for these l 
points of merit in the Victor. 


| —_ 


VICTOR NO. 5 CENTRIFUGE 


Write for Bulletin 62-S 


VICTOR ELECTRIC CORPORATION 


Manufacturers of Roentgen and Electro-Medical Apparatus 


CHICAGO CAMBRIDGE NEW YORK 
2% So. Robey St. 66 Broadway 131 E. 23rd St. 1 
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Sanatorium 
North Tejon, 
Colorado Springs, Colo 


FOUNDED IN 1889 


South Front 


Climate—Care—Comforts for Pulmonary Cases 


A $300,000 Sanatorium with Surgical Annex, modern buildings and equipment. Located amid scenic grandeurs. 
For 25 years successfully engaged in caring for the health-seeker. Rates $15 to $35 per week. 
Write for catalog, mentioning this Journal. 


Hospital, Minneapolts. 


the tuberculous patient 


Information for the Tuberculous 


By F. W. Witricu, A.M., M.D., Instructor in Medicine and Physician in Charge of Tuberculosis 
Dispensary, University of Minnesota 


Medical School; Assistant Visiting Physician to University 


150 pages, beautiful binding. Price, $1.00. 
This is a clear, concise and well-written book and covers just the information for 
the person who may have or thinks he has tuber- 
culosis. The author has incorporated answers to the many and varied questions 
asked by hundreds of patients when first learning they are tuberculous and dur- 
ing the course of treatment. 


C. V. Mosby Company—Publishers—St. Louis, U. S. A. 


New Mexico Cottage Sanatorium 


E. S. Bullock, M.D., Physician-in-Chief 
Wayne MacVeagh Wilson, Manager 
For the 
Treatment of Luberculosis 


No region in the world equals the high altitude section of 
the southwestern portion of the United States for the treat- 
ment of tuberculosis. And of all the cities and towns in this 
section, SILVER CITY stands pre-eminent as a health resort. 


Wonderful all-year-round climate. Moderate winters. Cool 
summers. Over three hundred days of sunshine each year. 
Hemorrhages rare. Night sweats unknown. 

Splendidly equipped institution Tuberculin in selected 


cases. Artificial pneumothorax. Heliotherapy. X-Ray. 
Rates for Ambulant Patients from $20.00 to $52.50 per week. 
No extras 
Write for Descriptive Booklet C. 


SILVER CITY, NEW MEXICO 


ALBUQUERQUE SANATORIUM 


FOR TUBERCULOSIS 
ALBUQUERQUE, - : NEW MEXICO 
Altitude 5,100 Feet. Rates Moderate. No Extras. Climatic 
Conditions Unsurpassed. 

A private sanatorium where the closest personal attention is 
given each patient. Complete laboratory and X-Ray equipment 
for diagnostic purposes. Compression of the lung and sun-bath 
treatment after the method of Rollier. Steam heat, hot and cold 
water, electric lights, call bells, local and long distance tele- 
phones and private porches for each room. Bungalows if desired. 

Situated but 1% miles from Albuquerque, the largest city 
and best market of New Mexico, permits of excellent meals and 
service at moderate price. Write for Booklet B. 


A. G. Shortle, M.D.—-Associate Physicians—L. S. Peters, M.D. 
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Important New Medical Publications 


Cy stoscopy and U rethroscopy 


Ay ip-to-date a thorough deseriy t1 of both the direct and indirect methods of 


evstoscopy and urethroscopy, by an ee writv. Many new features added bv translator. 
The 76 color pintes Torm a distinetive feature of the book, 
Cystoscopy and Urethroscopy es s, Va I ta f Par Form 
\ Depa ent ] is al; La it 
\ Medteine l’aris I slat 1 wit 
s \\ ( i int 
s y water 


Headaches and Eve Disorders 


\ ntribution dealing with the less evident but often disastrous nasal lesions. These 
s nterest t he | hal logist, neurologist, ¢ pate surgeon, internist 
st 


Concerning Some Headaches and Eve Disorders of Nasal Origin 1 ( 
Lh t t R i ne x Wa x 
\l 1 ~ ges rig engraving I: 
Genitourinary Diseases and Syphilis 
The most popular work on the subject in print. The new fourth edition has been 
letelv revised, enlarged, with manv new illustra tions and 36 full-page color plates. 
Genitourinary Diseases and Syphilis 1 Clinical Professor 
( l g Isla ( ege Hospital; Member of Committee on Venereal Dis 
Surgeon-G S. Army, ete. 816 pages, 330 illustrations, 36 full 
$7 


The Mammalian Dentition 


f tooth forms, presenting American views which 


An authoritative book on the evolution of 
introductory handbook. A masterly work, 


- Tu! been mrade the basis of an 

vith a wonderfully pleasing stvle. 

An Introduction to the Mammalian Dentiticn By T. Wingat d CHB. F.R.C.S., Cou 
Cana Me 1 « s; Henry Wills Payne Professor of Anatomy in Western Reserve 


pag 


. 
Tropical Surgery and Diseases 
This is an authoritative work—the result of a continuous life of more than fourteen 
vears in the Tropics, in the South, Cuba, the Philippines, China, Japan, ete. An im 
portant war manual. 


F.A.C.S., Major, M. QO. 


Tropical Surgery and Diseases of the Far East. [ly 

R. ¢ Lecturer Surgery Rush Medical College Former Professor and Head of Department 
Surge: ( M« Surg | e$; Chief Surgeor Philippine 

( ul H ag t Pr $ 


C. V. Mosby Company—Publishers—St. Louis 
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ADVERTISEMENTS 


ped with steam heat, electric light, electric fans, is 
Solicits all cases of functional and organic ner- 
ntestines, rheumatism, gout and uric acid troubles, 
hout previous arrangement. 


Hydrotherapy, Mechanical Massage. Static, Galvanic, Faradic, Sinusoidal, High 
a 


Frequency, leucodescent 


and Arc Light, and X-ray treatments given by competent 
A physicians and nurses, under the immediate supervision of the Medical Superin- 
* tendent. Special laboratory facilities for diagnosis by urine, blood, blood serum, © 
4 sputum gastric juice, duodenal tube and X-ray. Recreation hall with pool and 
billiards tor free use of patients 

Rates inc e treatment, I me il attention and gener rsing. The Sanatorium is sup- 

plied from Pope Farm wt egetables, fruit, poultry, and also milk, cream. butter and 

} ttern k Reg tere ler < 


THE POPE SANATORIUM 


Long Distance Phone NESRPORATES 115 West Chestnut Street 


CUMB. M. 2122, HOME 2122 ESTABLISHED 1890 LOUISVILLE, KENTUCKY 


la 
| THE SAN ELIZARIO SANATORIUM 


THE PAGET RANCH 
FOR THE CARE AND SCIENTIFIC TREATMENT OF THE TUBERCULOUS 
DR. GEO. P. STOKER, Medical Director 


J HE San Elizario Sanatorium is loc at the k Id town of San Elizario, twenty miles down 
T the valley fr F) Pas ar enc t to be from the heat, noise, smoke and dust of the - 
city, ye se € gh be in daily touch w utside world. Telephone connection direct 
with E] Paso ar he outside wor telegraph sta iles away at Clint, with paved roads up 
a and down the valley for ma miles. The Texas & Pacific and the Southern Pacific Railroads touch i 


ld and free from sudden changes and severe cold, while the 


The Sanatorium building is a two-story fireproof structure, built on the quaint old Spanish style, 
surrounded by orchards, trees and lawn, which, with its bright and cheerful interior and old Spanish 
patio, with its flowers and trees, eliminate the usual depressing sanitarium effect. 


om is an outside room, opening on screened sleeping porches, verandas and patio. 


ped with hot and cold water, electric lights, call bells, etc. While each room has not 
. there are seven well equipped modern bath and dressing rooms available to the patients. 


THE TABLE 


upplied with fresh milk, butter, chickens, eggs, rabbits, squabs, fruits and veg 


ATTENTION AND RATES 
Close personal attention is given each patient, both by the physician in charge and by trained 
nurses. Rates are $18.00 per week and up, with no extra charge for medicines. 
The Sanatorium is reached from the railroad station, Clint, or by automobile from El Paso, 


of which there are two daily. 


! For further information address DR. GEO. P. STOKER, San Elizario, Texas ! 
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FOR NERVOUS AND MENTAL DISEASES, DRUG AND ALCOHOL ADDICTIONS 


Modern clinical laboratory. Bath rooms en suite. Steam heat, 
Seven buildings, each with separate lawns, affording such scientific classification both in-doors and 


electric lights. 
out-doors as is most conducive to genial, homelike environments, undisturbed rest and recreation, tactful nursing 
5 acres of grounds, 350 shade trees, cement walks, play- 


Approved Diagnostic and Therapeutic methods. 


and individualized treatment. 100 rooms, large galleries, 15 
grounds. Location delightful summer and winter 

G. H. Moody, M.D., Superintendent J. A. McIntosh, M.D., Resident Physician 
T. L. Moody, M.D., Resident Physician Mrs. G. Lee, Matron. 


+ 


+ 


Von Ormy Cottage Sanitarium 


FOR THE TREATMENT OF TUBERCULOSIS 
VON ORMY, TEXAS 
I. S. KAHN, A.B., M.D., Medical Director W. R. GASTON, Business Manager 
F. C. COOL, Assistant Manager 
An institution designed for the proper care of tubercular patients at moderate rates. 
Splendid all year ‘round climate. 
Beautifully located on the Medina River near San Antonio. Our own dairy and e}% supply. 
Tuberculin, autoZenous vaccines and artificial pneumothorax used where indicated. 
Hopeless last stage cases not admitted. 


Rates: $15.00 and $18.00 per week Write for Booklet 


Arlington Heights Sanitarium Worth, Texas 


For Nervous Diseases, Selected 
Cases of Mental Diseases, Drug 
and Alcohol Addictions. 


(Incorporated under Laws of Texas) 
WILMER L. ALLISON, M.D. 
Resident Physician 
JAMES D. BOZEMAN, M_D., 
Resident Physician 
BRUCE ALLISON, M.D., 
Resident Physician 


JOHN S. TURNER, M.D.., 


Consulting Physician 


THE HENDRICKS SANATORIUM 


EL PASO, TEXAS 


THE MOST MODERN SANATORIUM 
FOR THE TREATMENT OF TUBERCULOSIS 


Physicians of the South and Southwest are Urged to Investigate 
All Rooms connect with Private Bath—All Rooms have Private Sleepin3, Porches 
Fireproof Construction 
NO BETTER CLIMATE—WINTER OR SUMMER 
R. D. HARVEY, J. V. WRIGHT, C. M. HENDRICKS, 


President Assistant Physician Medical Director 
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Columbus Medical Laboratory 


ESTABLISHED 1893 


31 N. State Street 


CHICAGO, Illinois 


WASSERMANN and other serum tests. 
AUTOGENOUS VACCINES prepared. 
TISSUE from surgical cases for diagnosis 


Urine, Sputum and Blood tests. 


| Post Mortem and Medico Legal advice. 


| Phone, Central 2740 


Water, Food and Drug analyses. 
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SEND FOR CATALOG CL SIEBRANDT’S IMPROVED **EVEREADY 
CENTRIFUGES Buck’s Extensi 
was pronounced by Surgeons 


and other who attended the Clinical 
Congress in Chicago, the 
Mechanical Apparatus | 
: : Greatest Surgical Utility Appli- 


ance of the Age 


Serves every degree of traction 
on all styles of beds instantly and 


with maximum efficiency. 


It is eeonomieal, because it 


saves equipment. 


——-~-- - 


The Adjustable Beam Weight 
A New Attachment 


BOTTLE SHAKERS 


for Sputum Vaccines, Antigens, etc. 


iC —--- 


KJELDAHL APPARATUS 


Stills and Digesting Racks : ' 
6 It Solves the Weight Problem 
Have you had trouble with ‘‘Make- 
SO shift’’ Buck’s Extension? Then 
you will appreciate Siebrandt’s 
latest Improved ‘‘EVEREADY’’ 


Write for our Booklet, ‘‘An Illustrated 
Demonstration,’’ which fully describes 
= the many practical ways this wonder- 
for Washing Corpuscles, = ful applianee can be easily utilized. 


Clarifying Serum, Urine Analysis, etc. 
R. J. Siebrandt Manufacturing Co. 


Manufacturers of 
Advanced Surgical Appliances 
18 East 17th St., Kansas City, Mo., U.S.A. 


ELECTRIC CENTRIFUGES 


- 


—— | | 


International Equipment Co. 
352 Western Ave., (Brighton, ) Boston, Mass. 
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WHY NOT STIMULATE 
Intestinal Functions 


BY PRESCRIBING 


ABILENA WATER 


BILEN AMERICA’S NATURAL CATHARTIC 


ANatural Cathartic 
Excites active elimination. Positive in action; non- 


irritating. Can be advantageously combined 
with liquid iron tonics or dilute Hy SO, 


Special Quantity Free to Physicians 
for Home Use and Clinical Trial 


The AbilenA Company, Abilene, Kansas 


An Important New War Manual 


A condensation and abstract of 

Abstracts the literature on War Surgery 
that has appeared since 1914. 

of \ ar Su rgery Prepared under the direction 
of the Surgeon-General’s 

150 pages, 6x9, printed on linen texture Office, United States 
stock. Price, silk cloth, $4.00 Army, Washington, D. C. 


IN( K the great World War began in 1914 a mass of data has accumulated that is 
of great value to the surgeon and physician. Most of these facts have been set forth 
in articles that have appeared in English, French, Italian and German surgical 


a But the value of these contributions to surgeons has been lessened because of 
r inaccessibility. The Surgeon-General’s Office has been the clearing house of all 


this information. Here it has been assembled, culled, svstematized, abstracted, and 
condensed. It is now presented to the surgieal and medical profession in a compact 
well-arranged, and well-indexed form. It is an assemblage and a condensation of the 
surgical data that the present world war has made available. 


"Send for a copy of this new book today—now. 
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